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TRANSLATORS’ INTRODUCTION 


The publication by Ebbinghaus of the results of his experi- 
mental investigation of memoiy (1885) marks the application of 
precise scientific method to the study of the “ higher mental pro- 
cesses.” By his invention of nonsense syllables as the material to 
be thus employed Ebbinghaus signalised the growing independ- 
ence of experimental psychology from physics and physiology. 
For educational psychology his work is of especial importance 
because the field in which he worked was that of the ideational 
processes and because the problems which he attacked were 
functional and dynamic. The problem of the most efficient dis- 
tribution of repetitions in committing material to memory may 
be taken to illustrate the identity in the nature of the questions 
investigated by him and those of especial interest to us to-day. 
Despite the fact that his experiments were performed only on 
himself and that the numerical results obtained are consequently 
limited in significance, his work stands as an embodiment of 
the essentials of scientific method. On account of its historical 
importance and also because of its intrinsic relation to present 
day problems and methods Ebbinghaus’s investigation should 
he knovm as directly as possible by all serious students of psy- 
chology. To facilitate this acquaintance is the purpose of this 
translation. 

The ^translators' wish to acknowledge their indebtedness to 
Professors Edward L. ^omdike, Robert S. Woodworth, and 
E. W. Bagster-CoIIins of- Columbia University, to Professor 
Walter Dill Scott of Noclh'w«tem University and to Mrs. H. A. 
Ruger for assistance in' revising manuscript and proof. 



AUTHOR’S PREFACE 


In tlie realm of mental phenomena, experiment and measure- 
ment have hitherto been chiefly limited in application to sense 
perception and to the time relations of mental processes. By 
means of the following investigations we have tried to go a step 
farther into the working of the mind and to submit to an 
experimental and quantitative treatment the manifestations of 
memory. The term, memory, is to be taken here in its broadest 
sense, including Learning, Retention, Association and Repro- 
duction. 

The principal objections whidr, as a matter of course, rise 
against the possibility of such a treatment are discussed in 
detail in the text and in part have been made objects of investi- 
gation. I may therefore ask those who are not already convinced 
a priori of the impossibilify of such an attempt to postpone 
their decision about its practicability. 

The author will be pardoned the publication of preliminary 
results in view of the difficulty of the subject investigated and 
the time-consuming character of the tests. Justice demands 
that the many defects due to incompUtentss shall not be raised 
as objections against such results. The tests were all made upon 
niysell and have primarily only individual significance. Naturally 
they >vill not reflect exclusivdy mere idiosyncrasies of my mental 
organisation; if the absolute values found are throughout only 
individual, yet many a relation of general validity will be found 
in the relation of these numbers to each other or in the relations 
of the relations. But where this is the case and where it is 
not, I can hope to decide only after finishing the further and 
comparative experiments with which 1 am occupied. 
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CHAPTER I 

OUR KNOWLEDGE CONCERNING MEMORY 
Seelion /. Memory in its Effects 
The language of life as well as of science in attributing a 
memory to the mind attempts to point out the facts and their 
interpretation somewhat as follows: 

Mental states of every kind, — sensations, feelings, ideas,— 
which were at one time present in consciousness and then have 
disappeared from tt, have not with their disappearance absolutely 
ceased to exist. Although the inwardly-turned look may no 
longer be able to find them, nevertheless they have not been 
utterly destroyed and annulled, but in a certain manner they 
continue to exist, stored up, so to speak, in the memorj'. We 
cannot, of course, directly observe their present existence, but 
it is revealed by the effects whidi come to our knowledge with 
a certainty like that with which we infer the existence of the 
stars below the horizon. These effects are of different kinds. 
In a first group of cases we can call back into conscious- 
ness by an exertion of the will directed to this purpose the 
seemingly lost states (or, indeed, in case these consisted in imme- 
diate sense-perceptions, %ve can recall their true memory images) . 
that is, we can reproduce them voluntarily. During attempts of 
this sort, — that is, attempts to recollect — all sorts of images 
toward which our aim was not directed, accompany the desired 
images to the light of consciousness. Often, indeed, the latter 
entirely miss the goal, but as a general thing among the repre- 
sentations is found the one which, we sought, and it is imme- 
diately recognised as something formerly e.xperienced. It would 
be absurd to suppose that our will has created it anew and as 
it were, out of nothing; it must have been present somehow 
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or somewhere. The will, so to speak, has only discovered 
it and brought it to us again. 

In a second group of cases tliis survival is even more striking. 
Often, even after years, mental states once present in conscious- 
ness return to it with apparent spontaneity and without any act 
of the will; that is, they are reproduced involuntarily. Here, 
also, in the majority of cases we at once recognise the returned 
mental state as one that has already been experienced; that is, 
we remember it. Under certain conditions, however, this ac- 
companying consciousness is ladcing, and we know only indi- 
rectly that the *' now ” must be identical with the " then ” ; yet 
we receive in this way a no less valid proof for its existence 
during the intervening time. As more exact observation teadies 
us, the occurrence of these involuntarj' reproductions is not an 
entirely random and accidental one. On the contrary they are 
brought about through the instrumentality of other, immediately 
present mental images. Moreover they occur in certain regular 
ways which in general terms are described under the so-called 
'laws of association.’ 

Finally there is a third and large group to be reckoned with 
here. The vanished mental states give indubitable proof of tlietr 
continuing existence even if they themselves do not return to 
consciousness at all, or at least not exactly at the given time. 
Employment of a certain range of thought facilitates under cer- 
tain conditions the employment of a similar range of thought, 
even if the fonner does not come before the mind directly either 
in its methods or in its results. The boundless domain of the 
effect of accumulated experiences belongs here. This effect 
results from the frequent conscious occurrence of any condi- 
tion or process, and consists In facilitating the occurrence and 
progress of similar processes. This effect is not fettered by 
the condition that the factors constituting the experience shall 
return in ioto to consciousness. This may incidentally be the 
case with a part of them; it must not happen to a too great 
extent and with too great clearness, otherwise the course of the 
present process will immediatdy be disturbed. Most of these 
experiences remain concealed from consa’ousness and yet pro- 
duce an effect which is significant and which authenticates their 
previous existence. 



Section z. },lemory in ifs Dependence . 

Along with this bare knowledge of the existence of memory 
and its effects, there is abundant knowledge concerning the 
conditions upon which depend the vitality of that inner survival 
as well as the fidelity and promptness of the reproduction. 

How differently do different indmduals bdiave in this 
respect I One retains and reproduces well; another, poorly. 
And not only does this comparison hold good when different 
individuals are compared with each other, but also when different 
phases of the e.xistcnce of the same individual are compared; 
morning and evening, youth and old age, find him different in 
this respect. 

Differences in the content of the thing to be reproduced are 
of great influence. Melodies may become a source of torment 
by the undesired persistency of their return. Forms and colors 
are not so importunate ; and If they do return, it is with notice- 
able loss of clearness and certainty. The musician writes for the 
orchestra what his inner voice sings to him; the painter rarely 
relies without disadvantage solely upon the images which his 
inner eye presents to him; nature gives him his forms, study 
governs his combinations of tfiem. It is with something of a 
struggle that past states of feeling are realized; when realized, 
and this is often only through the instrumentality of the move- 
ments which accompanied them, they are hut pale shadows of 
themselves. Emotionally true singing is rater than technically 
correct sin^ng. 

If the two foregoing points of view are taken together — 
differences in individuals and differences in content — an endless 
number of differences come to light One individual overflows 
with poetical reminiscences, another directs symphonies from 
memory, while numbers and formulae, which come to a third 
without effort, slip away from the other two as from a polished 
stone. 

Very great is the dependence of retention and reproduction 
upon the intensity of the attentton and interest which were 
attached to the mental states the first time they were present. 
The burnt child shuns the fire, and the dog which has 
been beaten runs from the whip, after a single vivid experi- 
ence. People in whom we are interested we may see daily 
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and yet not be able to recall the a>lor of their hair or of their 
eyes. • 

Under ordinary circumstances, indeed, frequenf repetitions are 
indispensable in order to make possible the reproduction of a 
given content. Vocabularies, discourses, and poems of any length 
cannot bedeamed by a single repetition even with the greatest 
concentration of attention on the part of an individual of very 
great ability. By a sufficient number of repetitions their final 
mastery is ensured, and by additional later reproductions gain 
in assurance and ease is secured. 

Lfeft to itself every mental content gradually loses its capacity 
for being revived, or at least suffers loss in this regard under, 
(he influence of time. Facts crammed at examination time soon 
vanish, if they were not sufficiently grounded by other study 
and later subjected to a sufficient review. But es'en a thing so 
early and deeply founded as one’s mother tongue is noticeably 
impaired if not used for several years. 

Section 3. Deficiencies in our Knoit'ledge concerning Memory 

The foregoing sketch of our knowledge concerning memory 
makes no claim to completeness. To it might be added such a 
series of propositions known to psychology as the following: 
“He who learns quickly also forgets quickly,” ” Relatively long 
series of ideas are retained belter than relatively short ones,” 

“ Old people forget most quickly the things they learned last,” 
and the like. Psychology is wont to make the picture rich with 
anecdote and illustration. But — and this is the main point — 
even if we particularise our loiowlcd^ by a most extended use 
of illustrative material, everything that we can say retains the 
indefinite, general, and comparative character of the propositions 
quoted above. Our information comes almost exclusively from 
the observation of extreme and especially striking cases. We 
are able to describe these quite correctly in a general way and 
in vague ezepressions of more or less. We suppose, again quite 
correctly, that the same influences exert themselves, although 
in a less degree, in the case of the inconspicuous, but a thousand- 
fold more frequent, daily activities of memorj’. But if our 
^curiosity carries us further and we crave more specific and 
detailed information concerning these dependencies and inter- _ 
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of the clearest insight into the inadequacy of our knowledge, 
we shall e%’er make any actual progress. Perhaps we shall 
always have to be resigned to this. But a somewhat greater 
accessibility than has so far been realised in this field cannot be 
denied to it, as I hope to prove presently. If by any chance a 
way to a deeper penetration into this matter should present itself, ■ 
surely, considering the significance of memory for all mental 
phenomena, it should be our wish to enter that path at once. 
For at the very worst we should prefer to see resignation arise 
from the failure of earnest investigations rather than from 
persistent, helpless astonishment in the face of their difficulties. 



CHAPTER n 


THE POSSIBILITY OF ENLARGING OUR KNOWL- 
EDGE OF MEMORY 

Sectiott 4. The Method of Natural Science 

The method of obtaining exact measurements — i.e., numer- 
ically exact ones — of the inner structure of causal relations is, 
by virtue of its nature, of general validity. This method, indeed, 
has been so exclusively used and so fully worked out by 
the natural sciences that, as a rule, it is defined as something 
peculiar to them, as the method of natural science. To repeat, 
however, its logical nature makes it generally applicable to all 
spheres of existence and phenomena. Moreover, the possibility 
of defining accurately and exactly the actual behavior of any 
process whatever, and thereby of giving a reliable basis for the 
direct comprehension of its connections depends above all upon 
the possibility of applying this method. 

We all know of what this method consists: an attempt is 
made to keep constant the mass of conditions which have 
proven themselves causally connected with a certain result; one 
of these conditions is isolated from the rest and varied in a 
way that can be numerically described; then the accompanying 
change on the side of the effect is ascertained by measurement 
or computation. 

Two fundamental and insunnountable difficulties, seem, how- 
ever, to oppose a transfer of this method to the investigation of 
the causal relations of mental events in general and of those of 
memory in particular. In the first place, how are we to keep 
even approximately constant the bewildering mass of causd 
conditions which, in so far as they are of mental nature, almost 
completely elude our control, and which, moreover, are subject 
to endless and incessant change? In the second place, by what 
possible means are we to measure numerically the mental pro- 
cesses which flit by so quickly and which on introspection are so 
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hard to anafysc? I shall first discuss the second difficulty in 
connection, of course, ■with mcmorj', since that is our present 
concern. 

Section 5. Introduction of Numerical Measurements for Memory 
Contents 

If we consider once more the conditions of retention and 
reproduction mentioned above (§ 2), but now witli regard to 
the possibility of computation, tve^ shall see that with two of 
them, at least, a numerical determination and a numerical varia- 
tion are possible. The different times which elapse between 
the first production and the reproduction of a series of ideas 
can he measured and the repetitions necessary to make these 
series reproducible can be counted. At first sight, however, there 
seems to be nothing similar to this on the side of the effects. 
Here there is only one alternative, a reproduction is either pos- 
sible or it is not possible. It takes place or it does not take 
place. Of course ue take for granted that it may approach, 
under different conditions, more or less near to actual 
occurrence so that in its subliminal e.vistence the series possesses 
graded differences. But as long as ue limit our obsen'ations 
to that which, either by chance or at the call of our will, comes 
out from this inner realm, all these differences are for us equally 
non-existent. 

By somewhat less dependence upon introspection we can, how- • 
ever, by indirect means force these differences into the open. 

A poem is learned by heart and then not again repeated. We 
will suppose that after 3 half year it has been forgotten: no 
effort of recollection is able to call it back again into conscious- 
ness. At best only isolated fragments return.' Suppose tliat 
the poem is again learned by heart. It then becomes evident 
that, although to all appearances totally forgotten, it still in a 
certain sense exists and in a way to be effective. The second 
learning requires noticeably less time or a noticeably smaller 
number of repetitions than the first. It also requires less time 
or repetitions than would now' be necessary to leam a similar 
poem of the same length. In this difference in time and number 
of repetitions we have evidently obtained a certain measure 
for that inner energy ivhich a half year after the first learning 
still dwells in that orderlj' complex of Ideas which make up the 
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poem. After a shorter time we should expect to find the dif- 
ference greater; after a longer time we should expect to find 
it less. If the first committing to memory is a very careful and 
long continued one, the difference will be greater than if it 
is desultory and soon abandoned. 

In short, we have without doubt in these differences numerical 
expressions for the difference between these subliminally per- 
sistent series of ideas, differences which otherwise we would 
have to take for granted and would not be able to demonstrate 
by direct observation. Therewith we have gained possession 
of something that is at least like that which we are seeking 
in our attempt to get a foothold for the application of the 
method of the natural sciences: namely, phenomena on the side 
of the effects which are clearly ascertainable, which vary tn 
accordance with the variation of conditions, and, which are 
capable of nfimerical detennination. \Vhether we possess in 
them correct measures for these inner differences, and whether 
we can achieve through them correct conceptions as to the causal 
relations into which this hidden mental life enters — these ques- 
tions cannot be answered o priori. Chemistry is just as little 
able to determine o priori wbelher it is the electrical phenomena, 
or the thermal, or some other accompaniment of the process of 
chemical union, which gives it its correct measure of the effective 
forces of chemical affinity. There is only one way to do this, 
and that is to see whether it is possible to obtain, on the pre- 
supposition of the correctness of such an hypothesis, well classi- 
fied, uncontradictory results, and correct anticipations of the 
future. 

Instead of the simple phenomenon — occurrence or non-occur- 
rence of a reproduction — ^which admits of no numerical distinc- 
tion, I intend therefore to consider from the experimental 
standpoint a more complicated process as the effect, and I shall 
observe and measure its changes as the conditions are varied. 
By this I mean the artificial bringing about by an appropriate 
number of repetitions of a reproduction which would not occur 
of its own accord. 

But in order to realise this experimentally, two conditions at 
least must he fulfilled. 

Tn the first place, it must be possible to define with some 
certainty the moment when the goal is reached — i.e , when the 
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process of learning by heart is completed. For if the process 
of learning by heart is sometimes carried past that moment and 
sometimes broken off before it, then part of the differences found 
under the vaiydng circumstances would be due to this in- 
equality, and it would be incorrect to attribute it solely to inner 
■differences in the series of ideas. Consequently among the 
different reproductions of, say, a poem, occurring during the 
process of its memorisation, the experimenter must single out 
one as especially characteristic, and be able to find it again witli 
practical accuracy. 

In the second place the presupposition must be allowed that 
the number of repetitions by means of which, the other condi- 
tions being unchanged, this characteristic reproduction is brought 
about would be eveiy time the same. For if this number, 
under conditions otherwise equivalent, is now this and now that, 
the differences arising from varied conditions Jose, of course, 
all significance for the critical evaluation of those vat^'ing 
conditions. 

Now. as far as the first condition is concerned, it is easily 
fulfilled where\'er you have what may properly be called learn- 
ing by heart, as in the case of poems, series of words, tone- 
sequences, and the like. Here, in general, as the number of 
repetitions increases, reproduction is at first fragmentary and 
halting; then it gains in certainty; and finally takes place 
smoothly and without error. The first reproduction in which 
this last result appears can not only be singled out as especially 
characteristic, but can also be practically recognised. For con- 
venience I will designate this briefly as the first possible repro- 
duction. 

The question now is: — Does this fulfill the second condition 
mentioned above? Is the number of repetitions necessar)' to 
bring about this reproduction alwaj's the same, the other con- 
ditions being equivalent? 

However, in this form, the ipiestion will be justly rejected 
because it forces upon us, as if it were an evident supposition, 
the real point in question, the very heart of the matter, and 
admits of none but a misleading answer. Anyone will be ready 
to admit without hesitation that this relation of dependence 
will be the same if perfect equality of experimental conditions 
IS maintained. The much fnvofeerf freedom of the will, at least. 
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has hardly ever been misunderstood by airybody so far as to 
come in here. But this theoretical constancy is of little value; 
How shall I find it when the circumstances under which I am 
actually forced to niahe my observations are never the same? 
So I must rather ask: — Can I bring under my control the in- 
evitably and ever fluctuating circumstances and equalise them 
to such an extent that the constanqr presumably existent in the 
causal relations in question becomes visible and palpable to me? 

Thus the discussion of the one difficulty which opposes an 
exact examination of the causal relations in the mental sphere 
has led us of itself to the other (§ 4)- A numerical determina- 
tion of the interdependent changes of cause and effect appears 
indeed possible if only we can realise the necessary uniformity 
of the significant conditions in the repetition of our experiments. 

Section d. The Possibility of Mamta'mhig the Constancy of 
Conditions Requisite for Research 

He who considers the complicated processes of the higher 
mental life or who is occupied with the still more complicated 
phenomena of the state and of society will in general be inclined 
to deny the possibility of keeping constant the conditions for 
psychological experimentation. Nothing is more familiar to 
us than the capriciousness of mental life which brings to nought 
all foresight and calculation. Factors which are to the highest 
degree determinative and to the same extent changeable, such 
as mental vigor, interest in the subject, concentration of atten- 
tion, changes in the course of thought which have been brought 
about by sudden fancies and resolves — all these are either not at 
all under our control or are so only to an unsatisfactory extent. 

However, care must be taken not to ascribe too much weight 
to these views, correct in themselves, when dealing with fields 
other than those of the processes by the observation of which 
these views were obtained. All such unruly factors are of the 
greatest importance for higher mental processes which occur 
on\y by an especially favorable concurrence of circumstances. 
The more lowly, commonplace, and constantly occurring pro- 
cesses are not in the least witbdranm from their influence, but 
we have it for the most part in our power, when it is a matter 
of consequence, to make this influence only slightly disturbing. 
Sensorial perception, for example, certainly occurs with greater 
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or less accuracy according to the degree of interest; it is con- 
stantly given other directions by the change of external stimuli 
and by ideas. But, in spite of that, ‘we are on the whole 
sufficiently able to see a house just when we want to see it and 
to receive practically the same picture of it ten times in suc- 
cession in case no objective change has occurred. 

There is nothing a priori absurd in the assumption that ordin- 
ary retention and reproduction, which, according to general 
agreement, is ranked next to sensorial perception, should also 
behave like it in this respect. Whether this is actually the 
case or not, however, I say now as I said before, cannot be . 
decided in advance. Our present knowledge is much too frag- 
mentary, too general, too laigely obtained from the extraordin- 
arj’ to enable us to reach a decision on this point by its aid; 
that must be reserved for experiments especially adapted to that 
purpose. We must try in experimental fashion to keep as 
.constant as possible those circumstances whose influence ou 
retention and reproduction is known or suspected, and then 
ascertain whether that is sufficient. The material must be so 
chosen that decided' diffierences of interest are, at least ro all 
appearance!, excluded; equalit>' of attention may be promoted 
by preventing external disturbances; sudden fancies are not 
subject to control, but, on the whole, their disturbing effect is 
limited to the moment, and will be of comparatively little account 
if the time of the experiment is extended, etc. 

When, however, we have actually obtained in such manner 
the greatest possible constanc)' of conditions attainable by us, 
how are we to know whether this is sufficient for our purpose? 
When are the circumstances, which will certainly offer differ- 
ences enough to keen observation, sufficiently constant? The 
answer may be made : — ’When upon repetition of the experiment 
the results remain constant. The latter statement seems simple 
enough to be self-evident, but on closer approach to the matter 
still another difficulty is encountered. 

Section 7. Constant Averages 

When shall the results obtained from repeated experiments 
under circumstances as much alike as possible pass for constant 
or sufficiently constant? Is it when one result has the same 
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value as the other or at least deviates so little from it that the 
difference in proportion to its own quantity and for our pur- 
poses is of no account? 

Evidently not. That would be asking too much, and is not 
necessarily obtained even by the natural sciences. Then, perhaps 
it is when the averages from larger groups of experiments 
exhibit the characteristics mentioned above? 

Again evidently not. Tliat would be asking too little. For, 
if observation of processes that resemble eacli other from any 
point of view are thrown togetlier in sufficiently large numbers, 
fairly constant mean values are almost everywhere obtained 
which, nevertheless, possess little or no importance for the pur- 
poses which we have here. The exact distance of two signal 
poles, the position of a stor at a certain hour, the expansion 
of a metal for a certain increase of temperature, all the numer- 
ous coefficients and other constants of physics and chemistry are 
given us as average values which only approximate to a high 
degree of constancy. On tlie other hand the number of suicides 
in a certain month, the average length of life in a given place, 
the number of teams and pedestrians per day at a certain street 
comer, and the like, are also noticeably constant, each being an 
average from large groups of observations. But both kinds of 
numbers, which I shall temporarily denote as eofutants of naiural 
science and statistical constants, are, as everybody kmows, con- 
stant from different causes and with entirely different significance 
for the knowledge of causal relations. 

These differences can be formulated as follows: — 

In the case of the constants of the natural sciences each indi- 
vidual effect is produced by a combination of causes exactly 
alike. The individual values come out somewhat differently 
because a certain number of those causes do not always join 
the combination with exactly the same values fr. g., there are 
little errors in the adjustment and reading of the mstruments, 
irregularities in the texture or composition of the material ex- 
amined or employed, etc.). However, experience teaches us tliat 
this fiiictuation of separate causes does not occur absolutely 
irregularly hut that as a rule it runs through or, rather, tries 
out limited and comparatively small circles of values sy^el- 
rically distributed around a central value. If several cases are 
IirotisM tosdher the elTect. of the separate deviations mnst more 
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and more compensate eadi other and thereby be swallowed up 
in the central ^-alue around which they occur. And the tinaf 
result of combining the values will be approximately the same 
as if the actually changeable causes had remained the same 
not only conceptually but also numerically. Thus, the average 
value is in these cases the adequate numerical representative of 
a conceptually definite and well limited s}'Stem of causal con- 
nections; if one part of the sj'stem is varied, the accompanying 
changes of the average value again give the correct measure 
for the effect of those deviations on the total complex. 

On the other hand, no matter from what point of view sta- 
tistical constants may be considered It cannot be said of them 
that each separate value has resulted from the combination of 
causes which by themselves had fluctuated within tolerably 
narrow limits and in symmetrical fashion. The separate effects 
arise, rather, from an oftimes Inextricable multiplicity of causal 
combinations of very different sorts, which, to be sure, may 
share numerous factors with each other, but which, taken as a 
■whole, have no conce3%’able community and actually correspond 
only in some one characteristic of the effects. That the value 
of the separate factors must be very different is, so to say, self 
evident. That, nevertheless, approximately constant values ap- 
pear even here by the combining of large groups — this fact we 
may make intelligible by ssying: that in equal and tolerably large 
intervals of time or ’extents of space the separate causal com- 
binations will be realised with approximately equal frequency; 
we do this without doing more than to acknowledge as extant a 
peculiar and marvellous arrangement of nature. Accordingly 
these constant mean values represent no definite and separate 
causal systems but combinations of such which are by no means 
of themselves transparent. Therefore thdr changes upon s-aria- 
tion of conditions afford no genuuie measure of the effects of 
these variations but onlj' indications of them. They are of no 
direct value for the setting op of numerically exact relations 
of dependence but they are preparatory to this. 

Let us now turn back to the question raised at the beginning 
of this section. ^Vhen may we consider that this equality of 
conditions which we have striven to realise experimentally has 
been attained? The answer runs as follows: ^\^3en the average 
values of several observations are approximately constant and 
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v.ben at the same time vre may assume that the separate cases 
belong to the same causal system, whose elements, however, are 
not limited to exclusively constant values, but may run through 
small circles of numerical values symmetrical around a middle 
value. 

S’fflion 8. The Law of Errors 

Our question, however, is not answered conclusively by the 
statement just made. Suppose we had in some way found satis- 
factorily constant mean values for some psychical process, how 
would \\c go about it to Icam whether we might or might not 
assume a homogeneous causal condition, necessary for their 
further utilisation? Tlie physical scientist generally knows 
beforehand that he will have to deal with a single causal com- 
bination, the statistician knows that he has to deal with a mass 
of them, ever inextricable despite all analysis. Both know this 
from the elementary know-ledge they already possess of the 
nature of the processes before they proceed with the more 
detailed investigations. Just as, a moment ago, the present 
knowledge of psychology appeared to us too vague and unreli- 
able to be depended upon for decision about the possibility of 
constant e-xperimental conditions; so now it may prove insufficient 
to determine satisfactorily whether in a given case we have to 
deal with a homogeneous causal combination or a manifold of 
them which chance to operate together. The question is, there- 
fore, whether we may throw light on the nature of the causation 
of tile results we obtain under conditions as uniform as possible 
by the help of some other criterion. 

The answer must be: This cannot be done with absolute cer- 
tainty, but can, nevertheless, be done with great probability. 
Thus, a start has been made from presuppositions as similar as 
possible to those by which physical constants have been obtained 
and the consequences which flow from them have been investi- 
gated. This has been done for the distribution of the single 
values about the resulting central value and quite independently 
of the actual concrete characteristics of the causes. Repeated 
comparisons of these calculated values with actual obser\-ations 
have shown that the similarity of the suppositions is indeed great 
enough to lead to an agreement of the results. The outcome 
of these speculations dosdy approximates to reality. It consists 
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in this,— that the grouping of a large number of separate values 
that have arisen from causes of the same kind and with the 
modifications repeatedly mentioned,jnay be correctly represented 
by a mathematical formula, the so-called Law of Errors. This 
is especially characterised by the fact that it contains but one 
unknoum quantity. This unknown quantity measures the relative 
compactness of the distribution of the separate values around 
their central tendencj*. It therefore changes according to the 
kind of observation and is determined by calcufation from the 
separate values. 

Note. For further infonnation a>nceming this formula, which 
is not here our concern, I must refer to the text-books on the 
calculation of probabilities and on the theory of errors. For 
readers unfamiliar mth the latter a graphic explanation will 
be more comprehensible than a statement and discussion of the 
formula. Imagine a certain observation to be repeated J,ooo 
times. Each observation as such is r^resented by a space of 
one square millimeter, and its numerical value, or rather its 
de%*iatioo from the central value of the whole j,ooo observations, 
by its position on the horizontal line p g of the adjoining 
Figure L 

For every observation which exactly corresponds with the 
central vslnt one square millimeter is laid off on \‘ertical 
Ime m n. For. each observed value which deviates by one 
unit from the central value upward one square millimeter is 
l^d off on a vertical line to right of m n and distant one 
millimeter from it, etc For everj’ observed value which devi- 
ates by X units above (or below) the central \*aJue, one sq. 
mm. is placed on a vertical line distant from m n by x 
mms., to the right (or left, for values below the central value). 
WTien all the observations are arranged in this way the outer 
contour of the hgure may be so compacted that the projecting 
comers of the separate squares are transformed into a sym- 
metrical curve. If now the separate measures are of such a 
sort that their central value may be considered as a constant as 
conceived by physical science, the form of the resultingxun'c is 
of the kind marked a and b in Fig. I. If the middle 
value is a statistical constant, the carve may have any sort of 
a form. (TTie curves a and b with the lines g in- 
clude in each case an area of 1,000 sq. rams. This is strictly the 
case only with indefinite prolongation of the curves and the lines 
p q, but these lines and curves finally approach each other so 
closely that where the drawing breaks off only two or three sq. 
rams, at each end of the curve are missing from the full number.) 
^^^Irthe^, for a certain group of observations, the curs'c has a 
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more steep or more flat fomi depends on the nature of those 
observations. The more exact th^ are, the more will they pile 
up around the central value; and flie more infrequent the large 
deviations, the steeper will'the curve be and vice versa. For 
the rest the law of formation of the curve is always the same. 
Therefore, if a person, in die case of any specific combination 
of observations, obtains any measure of the compactness of 
distribution of the observations, he can survey the grouping of 
the whole mass. He could state, for instance, how often a 



deviation of a certain value occurs and how many deviations 
fall between certain limits. Or — as I shall show in what follows 
— he may state what amount of variation includes betts’een itself 
-and the centrBl value 3 certain per cent of aJJ the ohsen^ed raJaes. 
The lines + iv and — of our figure, for instance, cut out 
exactly the central half of the total space representing the obser- 
vations. But in the case of the more exact observations of i 6 
they are only one half as far from m n as in,r a. So the state- 
ment of their relative distances gives also a measure of the 
accuracy of the observations. 
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Tlierefore, it may be said: wherever a group of effects may 
be considered as having originated each time from the same 
causal combination, which was subject each time only to so- 
called accidental disturbances, then these values arrange them- 
selves in accordance with the “law of errors.” 

However, the reverse of this proposition is not necessarily 
true, namely, that wherever a distribution of values occurs 
according to the law of errors the inference may be drawn 
that this kind of causation has been at work. Why should 
nature not occasionally be able to produce an analogous group- 
ing in a more complicated way? In reality this seems only an 
extremely rare occurrence. For among all the groups of num- 
bers which in statistics are usually condensed into mean values 
not one has as yet been found which originated without question 
from a number of causal systems and also exhibited the arrange- 
ment summarised hy the " law of errors.”* 

Accordingly, this law may be used as a criterion, not an abso- 
lutely safe one to be sure, but still a highly probable one, by 
means of. which to judge whether the approximately constant 
mean values that may be obtained by any proceeding may be 
employed experimentally as genuine constants of sdence. The 
Law of Errors does not furnish sufficient conditions for such 
a use but it does furnish one of the necessary ones. The final 
explanation must depend upon the outcome of investigations to 
the very foundations of which it furnishes a certain security. 
That is why I applied the measure offered by it to answer our 
still unanswered question: If the conditions are kept as much 
alike as is possible, is the average number of repetitions, which 
is necessary for learning similar scries to the point of first 
possible reproduction, a constant mean value in the natural 
science sense? And I may anticipate by saying that in the case 
investigated the answer has come out in the affirmative.* 

‘The numbers representing the births of boys aad girk respectively, as, 
derived from the total ntinj^r of tnrths, are said to group themselves in 
very close correspondence with the law of errors. But in this case it is 
for tUs very reason probable that they arise from a homogeneous combi- 
nation of physiological causes aiming so to speak at the creation of a well 
determined relation. (See Lexis. Znr Theorie der Massenerschdnungen 
in der menscblicben Gesel'schaft, p. C4 and elsewhere.) 
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Section p. Resume 

Two fundamental difficulties arise in the way of the applica- 
tion of the so-called Natural Science Method to the examination 
of psychical processes: 

(1) The constant flux and caprice of mental events do not 
admit of the establishment of stable experimental conditions, 

(2) Psychical processes offer no means for measurement or 
enumeration. 

In the case of the special field of raonory (learning, retention, 
reproduction) the second difficulty may be overcome to a certain 
extent. Among the external conditions of these processes some 
are directly accessible to measurement (the time, the number of 
repetitions). They may be employed in getting numerical values 
indirectly where that would not have been possible directly. 
We must not wait until the series of ideas committed to memory 
return to consciousness of themselves, but we must meet them 
halfway and renew them to such an extent that they may just 
he reproduced without error. The work requisite for this under 
certain conditions I take experimentally as a measure of the 
influence of these conditions; the differences in the work which 
appear with a change of conditions I interpret as a measure of 
the influence of that change. 

Whether the first difficulty, the establishment of stable experi- 
mental conditions, may also be overcome satisfactorily cannot 
be decided a priori. Experiments must be made under conditions 
as far as possible the sam^ to see whether the results, which 
will probably deviate from one another when taken separately, 
will furnish constant meam values when collected to form larger 
groups. However, taken by itself, this is not sufficient to enable 
us to utilise such numerical results for the establishment of 
numerical relations of dependence in the natural science sense. 
Statistics is concerned with a great mass of constant mean 
values that do not at all arise from the frequent repetition of 
an ideally frequent occurrence and therefore cannot favor 
further insight into it- Such is ttie great complexity of our 
mental life that it is not possible to deny that constant mean 
values, when obtained, are of the nature of such statistical con- 
stants. To test that, I examine the distribution of the separate 
numbers represented in an average value. If it corresponds 
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to the distribution found every\%'herc in natural science, where 
repeated observation of the same occurrence furnishes different 
separate values, I suppose — tentatively again — that the repeatedly 
examined psychical process in question occurred each time under 
conditions sufficiently similar for our purposes. This supposi- 
tion is not compulsor}', but is very probable. If it is wrong, 
the continuation of experimentation will presumably teach this 
by itself: the questions put from- different points of view will 
lead to contradictory results. 


Secixon lo. The Probable Error 
The quantity which measures the compactness of the observed 
values obtained in anj’ given case and which makes the formula 
■ which represents their distribution a definite one may, as has 
already been stated, be chosen differently. I use the so-ezUed 
"probable error” (P.E.) — Le., that deviation above and below 
the mean value which is just as often exceeded by the separate 
values as not reached by them, and which, therefore, between 
its positive and negative limits, includes just half of all the 
observational results symmetrically arranged around the mean 
value. As is evident from the ddioition these values can be 
obtained from the results by simple enumeration; it is done 
more accurately by a theoretically based calculation. 

If now this calculation is tried out tentatively for any group 
of observations, a grouping of these values according to the 
“ law of errors ” is recognised by the fact that between the sub- 
multiples and the multiples of the empirically calculated probable 
error there are obtained as many separate measures sj’mmetrically 
arranged about a central value as the theory requires. 

According to this out of 1,000 observations there should be: 


WIthio tbe'lisutA 

± AP.E. 

± iP.E. 

± iP.E. • 
± iP.E. 

± P.E. 

± li P.E. 

± 2 P.E. 

± 21 P.E. 

± 3 P.E. 

± 4 P.E. 


Number of 
Mp3i8(e meaeuns 


957 

P93 
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If this conformity exists in a sufficient degree, then the mere 
statement of the probable error suffices to characterise tlie 
arrangement of all the observed values, and at the same time its 
quantity gives a serviceable measure for the compactness of the 
distribution around the central value — i.c., for its exactness and 
trustworthiness. 

As we have spoken of the probable error of the separate 
obsen'ations, (P.E.®), so can we also speak of the probable error 
of the measures of tlie central tendency, or mean values, ) . 

This describes in similar fashion the grouping which would 
arise for the separate mean values if the observation of tlie 
same phenomenon were repeated very many times and each time 
an equally great number of observations were combined into a 
central value. It furnishes a brief but sufficient characterisation 
of the fluctuations of the mean values resulting from repeated 
observations, and along with it a measure of the security and the 
trustworthiness of the results already found. 

The is accordingly in general included in what follows. 

How it is found by calculation, again, cannot be explained here ; 
suffice it that what it means be clear. It tells us, then, that, on the 
basis of the character of the total observations from which a 
mean value has just been obtained, it may be expected with a 
probability of i to i that the latter value departs from the 
presumably correct average by not more at the most than the 
amount of its probable error. By the presumably correct average 
we mean that one which would have been obtained if the 
observaUons had been indefinitely repeated. A larger deviation 
than this becomes improbable in the mathematical sense — i.r.. 
there is a greater probability against it than for it. And, as a 
glance at the accompanying table shows us, the improbability of 
larger deviations increases with extreme rapidity as their size 
increases. The probability Oiat the obtained average should 
deviate from the true one by more than times the probable 
error is only 92 to 90S, therefore about i/io; the probability 
for its exceeding four times the probable error is very slight, 
710993 (I to 142). 
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THE METHOD OF INVESTIGATION 

Section iz. Series of Nonsense Syllables 
In order to test practically, although only for a limited field, 
a way of penetrating more deeply into memory processes — and 
it is to these that the preceding considerations have been directed 
— I have hit upon the following method. 

Out of the simple consonants of the alphabet and our eleven 
vowels and diphthongs all possible syllables of a certain sort were 
constructed, a vowel sound being placed between two consonants.* 
These syllables, about 2,300 in number, were mixed together 
and then dran-n out by chance and used to construct series of 
different lengths, several of which each time formed the material 
for 3 test.* 

At the beginning a few rules were obsen'ed to prevent, in 
the construction of the syllables, too immediate repetition of 
similar sounds, but these were not strictly adhered to. Later 
they were abandoned and the matter left to chance. The syllables 
used each time were carefully laid aside till the whole number 
had been used, then they were mixed together and used again. 

The aim of the tests carried on with these syllable series was, 
by means of repeated audible perusal of the separate series, to 
so impress them that immediately afterwards they could volun- 
tarily just be reproduced. This aim was considered attained 

’ The vowel sounds employed were a. e, 1. o. u. a. 6, u, au, el, eu For 
the beginning of the syllables the following consonants were employed: 
h, d, f, g, h. j, If, 1, Bi. n. p, r, s, (= sz), t. w and in addition eh. sch. 
soft s, and the French j (19 altogether) ; for the end of the syllables f. k. 

1 , m, n. p, r. s, (= sz) t, ch, sch (ii altogether). For the final sMnd 
fewer consonants were employed than for the initial sound, because a Ger- 
man tongue e>-eo after several j^ars practise in foreign languages does not 
«)uite accustom itself to the correct pronunciatioa of the mediae at the end. 
For the same reason I refrained from the use of other foreign sounds 
although I tried at first to use them for the sake of enriching the material. 

*1 shall retain in what follows the designations employed above and 
call a group of several syllable series or a single series a “ test” A num- 
ber of “ tests " I shall speak of as a “ test series "ora" group of tests." 
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^vhen, the initial syllable being given, a series could be recited 
at the first attempt, without hesitation, at a certain rate, and 
with the consciousness o£ being correct. 

Section IS. Advantages of the Material 
The nonsense material, just described, offers many advantages, 
in part because of this very lack of meaning. First of all, it 
is relatively simple and relatively homogeneous. In the case of 
the material nearest at hand, namely poetry or prose, the content 
is now narrative in style, now descriptive, or now reflective; it 
contains now a phrase that is pathetic, now one that is humorous ; 
its metaphors are sometimes beautiful, sometimes harsh; its 
rhythm is sometimes smooth and sometimes rough. There is 
thus brought into play a multiplicity of influences which change 
without regularity and are therefore disturbing. Such are asso- 
ciations which dart here and there, different degrees of interest, 
lines of verse recalled because of their striking quality or their 
beauty, and the like. All this is avoided with our syllables. 
Among many thousand combinations there occur scarcely a few 
dozen that have a meaning and among these there are again 
only a few whose meaning was realised while they were being 
memorised. 

However, the simplicity and homogeneity of the material must 
not he overestimated. It is still far from ideal. The learning 
of the syllables calls into play the three sensory fields, sight, 
hearing and the muscle sense of the organs of speech. And 
although the part that each of these senses plays is well limited 
and always similar in kind, a certain complication of the results 
must still be anticipated because of their combined action. Again, 
to particularise, the homogeneity of the series of syllables falls 
considerably short of what might be expected of it. These series 
exhibit very important and almost incomprehensible variations 
as to the ease or difficulty with which they are learned. It even 
appears from this point of view as if the differences between 
sense and nonsense material were not nearly so great as one 
would be inclined a priori to imi^ne. At least I found in the 
case of learning by heart a few cantos from Byron’s “Don 
Juan ” no greater range of distribution of the separate numerical 
measures than in the case of a series of nonsense syllables in 
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the learning of which an approximately equal time had been 
spent. In the former case the inoumerable disturbing influences 
mentioned above seem to have compensated each other in pro- 
ducing a certain intermediate effect; whereas in the latter case 
the predisposition, due to the influence of the mother tongue, 
for certain combinations of letters and syllables must be a very 
heterogeneous one. 

More indubitable are the advantages of our material in two 
other respects. In the first place it permits an inexhaustible 
amount of new combinations of quite homogeneous character, 
while different poems, different prose pieces always have some- 
thing incomparable. It also makes possible a quantitative 
variation which is adequate and certain; whereas to break 
off before the end or to be^n in the middle of the verse or 
the sentence leads to new complications because of various and 
unavoidable disturbances of the meaning. 

Series of numbers, which I also tried, appeared impracticable 
for the more thorough tests. Their fundamental elements were 
too small in number and therefore too easily exhausted. 

Section /j. Establishment of the Most Constant Experimetital 
Conditions Possible 

The following rules were made for the process of memorising, 

I. The separate series were always read through completely 
from beginning to end; they were not learned in separate parts 
which were then joined together; neither were especially diffi- 
cult parts detached and repeated more frequently. There was 
a perfectly free interchange between the reading and the occa- 
sionally necessary tests of the capacity to reproduce by heart. 
For the latter there was an important rule to the effect that 
upon h«;tatjon the rest of the series was to be read through 
to the end before banning it again. 

3. The reading and the recitation of the series took place at 
a constant rate, that of 150 strokes per minute. A clockwork 
metronome placed at some distance was at first used to regulate 
the rate; but very soon the ticking of a watch was substituted, 
that being much simpler and less disturbing to the attention. 
The mechanism of escapement of most watches swings 300 rimes 
per minute. 
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3. Since it is practically impossible to speak continuously vvitn- 

out variation of accent, the following method was adopted to 
avoid irregular variations; either three or four syllables were 
united into a measure, and thus either the ist, 4th, yth, or the 
1st, 5th, 9th . . . syllables were pronounced with a slight 

accent. Stressing of the voice was otherwise, as far as possible, 
avoided. 

4. After the learning of each separate series a pause of 15 
seconds was made, and used for the tabulation of results. Then 
the following series of the same test w'as immediately taken up. 

5. During the process of learning, the purpose of reaching the 
desired goal as soon as possible was kept in mind as much as 
was feasible. Thus, to the limited degree to which conscious 
resolve is of influence here, the attempt was made to keep the 
attention concentrated on the tiresome task and its purpose. It 
goes without saying Uiat care was taken to keep away all outer 
disturbances in order to make possible the attainment of this 
aim. The smaller distractions caused by carrying on the test in 
\arious surroundings were also avoided as far as that could 
be done. 

6. There was no attempt to connect the nonsense syllables by 
the invention of special associations of tl^e mnemotechnik type; 
learning was carried on solely by the influence of the mere repe- 
titions upon the natural memory. As I do not possess the least 
practical knowledge of the mnemotechnical devices, the fulfill- 
ment of this condition offered no difficulty to me. 

7. Finally and chiefly, care was taken that the objective condi- 
tions of life during the period of the tests were so controlled 
as to eliminate too great changes or irregularities. Of course, 
since the tests extended over many months, this was possible 
only to a limited extent But, even so, the attempt was made 
to conduct, under as similar conditions of life as possible, those 
tests the results of which were to be directly compared. In 
particular the activity immediatdy preceding the test was kept 
as constant in diaracter as was possible. Since the mental as 
well as the physical condition of man is subject to an evident 
periodicity of 24 hours, it was taken for granted that like e.vpcri- 
mental conditions are obtainable only at like times of day! 
However, in order to carry out more than one test in a given 
day, different e.xperiments were occasionally carried on together 
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at different times of day. When too great dianges in the outer 
and inner life occurred, the tests were discontinued for a length 
of time. Their resumption was preceded by some days of re- 
newed training varying according to the length of the inter- 
ruption. 

Section 14. Sources of Error 
The guiding point of view in the selection of material and 
in determining the rules for its employment was, as is evident, 
the attempt to simplify as far as possible, and to keep as constant 
as possible, the conditions under which the activity to be 
observed, that of memory, came into play. Naturally the better 
one succeeds m this attempt the more does he withdraw from 
the complicated and changing conditions under which this activity 
takes place in ordinary life and under which it is of importance 
to us. But that is no objection to the method. The freely 
falling body and the frictionless machine, etc., with w'hich physics 
deals, are 'also only abstractions when compared with the actual 
happenings in nature whicli are of import to us. We can almost 
nowhere get a direct knowledge of the complicated and the real, 
but must get at them in roundabout ways by successive com- 
binations of experiences, eacli of which is obtained in artificial, 
experimental cases, ra*rely or never furnished in this iorm by 
nature. 

Meanwhile the fact that the connection with the activity of 
memory in ordinary life is for the moment lost is of less im- 
portance than the reverse, namely, that this connection with the 
complications and fluctuations of life is necessarily still a too 
close one. The struggle to attain the most simple and uniform 
conditions possible at numerous points naturally encounters 
obstacles that are rooted in the nature of the case and which 
thwart the attempt. The unavoidable dissimilarity of the 
material and the equally unavoidable irregularity of the external 
conditions have already been touched upon. I pass next to two 
other unsurmoimtable sources of difBculty. 

By means of the successive repetitions the series are, so to 
speak, raised to ever higher levels. The natural assumption 
would be that at the moment when they could for the first time 
be reproduced by heart the level thus attained would always be 
the same. If only this were the case, i.e., if this characteristic 
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first reproduction were evcrj-where an invariable objective sign of 
an equally invariable fixedness of the series, it would be of real 
value to us. This, however, is not actually the case. The inner 
conditions of the separate series at the moment of the first 
possible reproduction are not alwaj'S the same, and the most that 
can be assumed is that in the case of these different series these 
conditions always oscillate about tlie same degree of inner 
surety. This is clearly seen if the learning and repeating of 
the series is continued after that first spontaneous reproduction 
of the series has been attained. As a general thing the capacity 
for voluntary reproduction persists after it has once been 
reached. In numerous cases, however, it disappears immediately 
after its first appearance, and is regained only after several 
further repetitions. This proves that the predisposition for 
memorising the series, irrespective of their difierences of a 
larger sort according to the time of day, to the objective and 
subjective conditions, etc., is subject to small variations of short 
duration, whether they be called oscillations of attention or some- 
thing else. If, at the very Instant when the material to be 
memorised has almost readied the desired degree of surety, a 
cliance moment of especial mental dearness occurs, then the 
series is caught on the wing as it were, often to the learner’s 
surprise; but the series cannot long be retained. By the occur- 
rence of a moment of special dullness, on the other hand, the 
first errorless reproduction is postponed for a while, although the 
learner feels that he really is master of the thing and wonders 
at the constantly recurring hesitations. In the former case, in 
spite of the homogeneity of the external conditions, the first 
errorless reproduction is readied at a point a little below the 
level of retention normally connected with it. In the latter case 
it is reached at a point a little above that level. As was said 
before, the most plausible conjecture to make In this connection 
is that these deviations will compensate each other in the case 
of large groups. 

Of the other source of error, I can only say that it may occur 
and that, when it does, it is a source of great danger. I mean 
the secret influence of theories and opinions which are in the 
process of formation. An investigation usually starts out with 
definite presuppositions as to what the results will be. But if 
this is not the case at the start, such presuppositions form gradu- 
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ally in case the experimenter is obliged to work alone. For it 
is impossible to carry on the investigations for any length of 
time without taking notice of the results. The experimenter 
must know whether the problem has been properly formulated 
or whether it needs completion or correction. The fluctuations 
of the results must be controlled in order that the separate 
observations may be continued long enough to give to the mean 
value the certainty necessary for the purpose in hand. Conse- 
quently it is unavoidable that, after the observation of the 
numerical results, suppositions should arise as to general prin- 
ciples whicli are concealed in them and which occasionally give 
hints as to their presence. As the investigations are carried 
further, these suppositions, as well as those present at the begin- 
ning, constitute a complicating factor which probably has a 
definite influence upon the subsequent results. It goes without 
saying that what i have in mind is not any consciously recog- 
nised influence but something similar to that which takes place 
when one tries to be very unprejudiced or to rid one's self of 
a thought and by that very attempt fosters that thought or 
prejudice. The results are met half way with an anticipatory 
knowledge, with a kind of expectation. Simply for the experi- 
menter to say to himself that sudv anticipations must not be 
allowed to alter the impartial character of the investigation will 
not by itself bring about that result On the contrary, they do 
remain and play a role in determining the whole inner attitude. 
According as the subject notices that these anticipations are 
confinned or not conflrmed (and in general he notices this dur- 
ing the learning), he will feel, if only in a sh'ght degree, a sort 
of pleasure or surprise. And would you not expect that, in 
spite of the greatest conscientiousness, the surprise felt by the 
subject over espedallj' startling deviations, whether positive or 
n^ative, would result, without any volition on his part, in a 
slight change of attitude? W'ould he not be likely to exert 
himself a little more here and to relax a little more there than 
would have been the case had he had no knowledge or presuppo- 
si'tion concerning tfie probaMe numerical value of the cesalts? 

I cannot assert that this is always or even frequently the case, 
since we are not here concerned with things that can be directly 
observed, and since numerous results in which such secret warp- 
ing of the truth might be expected show evident independence 
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of it. All I can say is, we must expect something of the sort 
from our general knowledge of human nature, and in any investi- 
gations in which the inner attitude is of very great importance, 
as for example in experiments on sense perception, we must 
give special heed to its misleading influence. 

It is evident how this influence in general makes itself felt. 
With average values it would tend to level the extremes ; where 
especially large or small numbers arc expected it would tend to 
further increase or decrease the values. This influence can 
only be avoided witli certainty wlien tlie tests are made by two 
persons working togctlier, one of whom acts as subject for a 
certain time without raising any questions concerning the pur- 
pose or the result of the investigations. Otherwise help can be 
obtained only by roundabout methods, and then, probably, only 
to a limited extent. The subject, as I myself always did, can 
conceal from himself as tong as possible the exact results, The 
investigation can be extended in such a way that the upper limits 
of the variables in question are attained. In this way, whatever 
warping of the truth takes place becomes relatively more difficult 
and unimportant. Finally, the subject can propose many prob- 
lems which will appear to be independent of each other in the 
hope that, as a result, the true relation of the interconnected 
mental processes will break its way tlirough. 

To what extent the sources of error mentioned have affected 
the results given below naturally cannot be exactly determined. 
The absolute value of the numbers will doubtless be frequently 
influenced by them, but as tbc purpose of the tests could never 
have been the precise determination of absolute values, but 
rather the attainment of comparative results (especially in the 
numerical sense) and relatively still more general results, there 
is no reason for too great anxiety. In one important case 
(§ 38) I could directly convince myself that the exclusion 
of all knowledge concerning the character of the results brought 
about no change; in another case where I myself could not 
eliminate a doubt I called espedal attention to it. In any case 
he who is inclined a priori to estimate very highly the uncon- 
scious influence of secret wdshes on the total mental attitude 
will also have to take into consideration that the secret wish to 
find objective truth and not disproportionate toil to place 
the creation of his own faiwy upon feet of clay— that this wish. 
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I say, may also claim a place in tlie complicated mechanism of 
these possible influences. 

Seciion 15. Measurement of Work Required 

The number of repetitions which were necessary for memor- 
ising a series up to the first possible reproduction was not 
originally determined by a)unfing, but indirectly by measuring 
in seconds the time that was required to memorise it. My pur- 
pose was in this way to avoid the distraction necessarily connected 
with counting; and I could assume that there was a proportional 
relation existing between the times and the number of repetitions 
occurring at any time in a definite rhythm. We could scarcely 
expect this proportionality to be perfect, since, when only the 
time is measured, the moments of hesitation and reflection are 
included, which is not true when the repetitions are counted. 
Difficult scries in which hesitation will occur relatively more 
frequently, will, by the method of time measurement, get com- 
paratively greater numbers, the easier series will get compara- 
tively smaller numbers than when the repetitions are counted. 
Sut with larger groups of series a tolerably equal distribution 
of difficult and equal series may be taken for granted. Conse- 
quently the deviations from proportionality will compensate 
themselves in a similar manner in the case of each group. 

^Vhe^, for certain tests, the direct counting of the repetitions 
became necessary, I proceeded in the following manner. Little 
wooden buttons measuring about 14 mms. in diameter and 4 
mms. at their greatest thickness were strung on a cord which 
would permit of easy displacement and yet heavy enough to 
prevent accidental slipping. Each tenth piece was black; the 
others had their natural color. During the memorisation the 
•cord was held in the hand and at each new repetition a piece 
was displaced some centimeters from left to right. ^Vhen the 
series could be recited, a glance at the card, since it was divided 
into tens, was enough to ascertain the number of repetitions that 
had been necessary. The manipulation required so little atten- 
tion that in the mean values of the time used (which wasT always 
tabulated at the same time) no lengthening could be noted as 
compared with earlier tests- 

By means of this simultaneous' measurement of time and repe- 
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titions jnddental opportunity was afforded for verifying and 
more accurately defining that whidi had been foreseen and 
which has just been explained with regard to their interrelation. 
Wien the prescribed rhythm of 150 strokes per minute was pre- 
cisely maintained, each syllable would, take 04 second; and when 
the simple reading of the series was interrupted by attempts 
to recite it by heart, the unavoidable hesitations would lengthen 
the time by small but fairly uniform amounts. This, however, 
did not hold true with any exactness; on the contrary, the fol- 
lowing modifications appeared. 

Wien the direct reading of the series predominated, a certain 
forcing, an acceleration of the rhythm, occurred which, without 
coming to consciousness, on the whole lowered the time for each 
syllable below tlie standard of 04 sec. 

When there was interchange between reading and reciting, 
however, the lengthening of the time was not in general constant, 
but was greater with the longer series. In thi.s case, since the 
difficulty increases very rapidly with increasing length of the 
series, there occurs a slowing of the tempo, again involuntary 
and not directly noticeable. Both are illustrated by the follow- 
ing table. 


Scries of Ifi sylbbtes. 

Each erllable required 

Number of 

Number of 

for the most part read ' 

the aretage time of ' 

senes ' 

ByUables 

8 times 

0 393 ecc. I 

60 

960 

Ifl • 

0 399 • 

1 

108 

1728 


Series 
of X 
syllables 

Were in part read, 
in part recited on 

an average Y times 

Each syllable re- 
quired an aTOrage 1 
time of Z secs. 

Number 

pf 

Number 

of 

syllables 

X»= 

Y= 




12 

18 

0 416 1 

63 


16 

31 

0 427 

252 




0 438 1 

21 




0 439 j 

14 

: 504 


As soon as this direction of deviation from exact propor- 
tionality was noticed there appeared in the learning a certain 
conscious reaction j^ainst it. 
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Finally, it appeared that the probable error of the time meas- 
urements was somewhat larger than that of the repetitions. 
This relation is quite intelligible in the light of the explanations 
given above. In the case of the time measurements the larger 
values, which naturally occurred %vith the more difficult series, 
were relatively somewhat greater than in the case of the number 
of repetitions, because relatively they were for the most part 
lengthened by the hesitations ;‘converseIy, the smaller times were 
necessarily somewhat smaller relatively than the number of 
repetitions, because in general th^ corresponded to the easier 
series. The distribution* of the values in the case of the times 
is therefore greater than that of the values in the case of the 
repetitions. 

The differences between the two methods of reckoning are, 
as is readily seen, sufficiently large to lead to different results 
in the case of investigations seeking a high degree of exactness. 
That is not the case with the results as yet obtained; it is there- 
fore immaterial whether the number of seconds is used or that 
of the repetitions. 

Dedsion cannot be given a priori as to v.hich method of 
measurement is more correct— 1>., is the more adequate measure 
of the mental work expended. It can be said that the im- 
pressions are due entirely to the repetitions, they are the thing 
that counts ; it can be said that a hesitating repetition is just as 
good as a simple fluent reproduction of the line, and that both 
are to be counted equally. But on the other hand it may be 
doubted that the moments of recollection are merely a loss. 

In any case a certain display of eneigy takes place in them: 
on the one hand, a very rapid additional recollection of the imme- 
diately preceding words occurs, a new start, so to speak, to get 
over the period of hesitation ^on the other hand, there is height- 
ened attention to the passages following. If with this, as is 
probable, a firmer memorisation of the series takes place, then 
these moments have a claim upon consideration which can only 
be given to them through the measurement of the times. 

Only when a considerable difference in the results of the two 
kinds of tabulation appears wJI it be possible to give one the 
preference over the other. That one will then be chosen which 
gives the simpler formulation of the results in question. 
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Section i6. Periods of the Tests 
The tests were made in two periods, in the years 1879-80 and 
1883-84, and extended each over more than a year. During a 
long time preliminary experiments of a similar nature had 
preceded the definite tests of the first period, so that, for all 
results communicated, the time of increasing skill may be con- 
sidered as past. At the beginning of the second period I was 
careful to give myself renewed training. This temporal distri- 
bution of the tests with a separating interval of more than three 
years gives the desired possibility of a certain mutual control 
of most of the results. Frankly, the tests of the two periods 
are not strictly comparable. In the case of the tests of the first 
period, in order to limit the significance of the first fleeting grasp* 
of the series in moments of special concentration, it was decided 
to study the series until two successive faultless reproductions 
were possible. Later I abandoned this method, which only 
incompletely accomplished its purpose, and kept to the first fluent 
reproduction. The earlier method cridently in many cases re- 
sulted in a somewhat longer period of learning. In addition 
there was a diflference in the hours of the day appointed for the 
tests. Those of the later period all occurred in the afternoon 
hours between one and three o’clock; those of the earlier period 
were unequally divided between the hours of lo-ii a. m., 11-12 
A. Ji., and 6-8 p. ir., which for the sake of brevitj' I shall desig- 
nate A, B, and C, 


Described in f 14 



CHAPTER IV 


THE UTILITY OF THE AVERAGES OBTAINED 

Section ij. ■ Grouping of the Results of the Tests 
The first question which awaits an answer from the investi- 
gations carried out in the manner described is, as explained in 
sections 7 and 8, that of the nature of the averages obtained. 
Are the lengths of time required for memorising series of a 
certain length, under conditions as nearly identical as possible, 
grouped in such a way that we may be justified in considering 
their average values as measures in the sense of physical science, 
or are they not? 

If the tests are made m the way described above, namely, 
so that several series are always memorised in immediate suc- 
cession, such a type of grouping of the time records could 
scarcely be expected. For, as the time devoted to learning at 
a given sitting becomes extended, certain variable osnditions 
in the separate series come into play, the fiuctuations of which 
we could not very well expect, from what we know of their 
nature, to be distributed symmetrically around a mean value. 
Accordingly the grouping of the results must be an asymmetrical 
one and cannot correspond to the “ law of error.” Such con- 
ditions are the fluctuations of attention and the decreasing mental 
freshness, which, at first very quickly and then more and more 
slowly, gives way to a certain mental fatigue. There are no 
limits, so to speak, to the slow'ing do^v^ of the learning pro- 
cesses caused by unusual distractions ; as a result of these the 
time for learning a series may occasionally be increased to 
double that of its average value or more. The opposite effect, 
that of an unusual exertion, cannot in the very nature of the 
case overstep a certain limit. It can never reduce the learning 
time to aero. 

If, however, groups of scries equal in number and learned in 
immediate succession are taken, these disturbing influences 
34 
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may be considered to have disappeared or practically so. 
The decrease in mental vigour in one group will be practically 
the same as that in another. The positive and negative fluctua- 
tions of attention which under like conditions occur during a 
quarter or half hour are approximately the same from day to 
day. All that is necessary to ask, then, is : Do the times neces- 
sary for learning equal groups of series exhibit the desired 
distribution ? 

I can answer this question in the affirmative with sufficient 
certainty. The two longest series, obtained under conditions 
similar to each other, which I possess, are, to be sure, not large 
in the above-mentioned theoretical sense ; they suffer, moreover, 
from the disadvantage that they originated at times separated 
by comparatively long intervals during which there were neces- 
sarily many changes in the conditions. In spite of this, their 
grouping comes as near as could be expected to the one demanded 
by the theory. 

The first test series taken during the years 1879-80 comprises 
92 tests, ^ach test consisted in memorising eight series of 13 
syllables each, which process of learning was continued until 
two reproductions of each series were possible. The time re- 
quired for all eight series taken together including the time for 
the t^vo reproductions (but of course not for the pauses, see 
p. 25, 4) amounted to an average of 1,112 seconds with 
a probable error of observation of ± 76. The fluctuations of the 
results were, therefore, very significant: only half of the num- 
bers obtained fell between the limits 1,036 and 1,188, the other 
half was distributed above and below these limits. In detail the 
grouping of the numbers is as follows • 


Wthin the 
limits 

mthiD the 
deviation 

[ Number of deviafiona 

By actual 
count 

1 Calculated 
from theory 

AP.E 

± 7 

r> 


iTE. 1 

± 12 

in 

' 8 2 

1 P.B 

± ll» 

13 


i P.E 

± as 

30 


p.r. 

± 70 

•15 


UPE 

114 

Ct 



± 152 

73 


21 P.E. 1 

± 190 

St 


3 P.E. 

± 22s 

88 

j SS 0 
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In the inten'al, P-E- to there occurs a slight piling 

up of \'alues which is compensated for by a greater lack in the 
succeeding interval, P-E. to P.E, Apart from this, the corre- 
spondence behveen the calculated and the actual results is satis- 
factory. The sjTnmetry of the distribution leaves something to 
be desired. The values below the average preponderate a little 
in number, those above preponderate a little in amount of devia- 
tion; only two. of the largest eight deviations are below the 
mean value. The influence of attention referred to above, the 
fluctuations of which in the separate series show greater dei’ia- 
tions toward the upper limit than toward the lower, has not, 
therefor^ been quite compensated by the combination of several 
series. 

The correctness of the observations and the correspondence 
of their distributions with the one theoretically demanded are 
greatly improved, in the second large series of tests. The latter 
comprises the results of 84 scries of tests taken during the 
years 1883-84. Each test consisted in memorising sLx series of 
16 syllables each, carried on in each case to the first errorless 
reproduction. The whole time necessary for this amounted to 
1,261 seconds with the probable error of observation of ± 484 — 
i.e., half of all the 84 numbers fell within the limits 1,213-1,309. 
The exactness of the observations thus had greatly increased as 
compared with the former series of tests:* 

The interval included by the probable error amounts to only 
per cent of the mean value as against t 4 per cent in the 
earlier tests. In detail the numbers are distributed as follows: 


* Of course, the exactness obtained here cannot stand coinpanson^ witlt 
physical Bcasureinents. bnt it can rery well be compared with physiolog- 
ical ones, which would natnrally be the frst to be thought of in this con- 
nection. To the most exact of physiological facasnretaents belong the last 
determinations of the speed of nerrons transmission made by Helmholtz 
and Baxt One record of these fe«earehes published as an illustration 
of their accuracy (Mon. Ber. d. Berl Afcad 1870. S toi) after proper cal- 
culation gives a mean valoe of 4.268 with the probable error of observa- 
tion. o lot. The interval it includes amotmts. thertf^te. to 5 per cent of 
the mean value. All former determinations are much more inaeeura'r 
In the case of the most accurate test-series of the first measurements made 
by Helmholtz, that interval amounts to about «» ® mean 

value (Arch f Anal «_ Phytic! sSso. S 340). tieO Physics, in the case 
of Its piorecr investigations, has often been obliged to pot up wnth a less 
degree of accuracy in its numerical results. In the csse of Jus first oeter- 
rainattons of the mechanical equivalent of heat ,, number 

with a probable error of observation of 97. (Ph>i. Moy, X843, p 
A3S ff) 
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TTithifl tbe 

f.e., within 
tbe 

•deviation 

Number of deviations 

By actual 
count 
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AP.E. 

± 4 

4 

4.5 

iP.E. 

± 8 

7 

7 6 

1 P.E. 

± 12 

12 

11 3 

iP.E. 

± 24 

23 

22 2 

P.E. 

± 48 

44 

42 0 

P.E. 

± 72 

67 

57 8 

2 P.E. 

± 96 

6S 

C9 0 

2i P.E. 

± 121 

75 

76 0 

3 P.E. 

± 145 

SI 

SO.O 


The symmetry of distribution is here satisfactorily maintained 
apart from the numbers, which are unimportant on account of 
their smaUness. 


ITlthin the 

Lmits 

[ Deviations 

Above 

Below 


5 1 

2 


7 1 

5 


13 1 

10 


20 

24 


2S 

29 


34 1 



37 

1 33 


40 

41 


The deviation which is greatest absolutely is toward the lower 
limit. 

If several of our series of syllables were combined into groups 
and then memorised separately, the length of time necessary to 
memorise a whole group varied greatly, to be sure, when repeated 
tests were taken; but, in spite of this, when taken as a whole 
they varied in a manner similar to that of the measures of the 
ideally homogeneous process^ of natural science, which also 
vary from eadi other. So, at least in experimental fashion, it 
is allowable to use the mean values obtained from the numerical 
results for the various tests in order to establish the existence 
of causal relations just as natural science does that by means of 
its constants. 

The number of series of syllables which is to be combined into 
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a single group, or test, is naturally indeterminate. It must be 
expected, however, that as the number increases, the correspond- 
ence between the distribution of the times actually found and 
those calculated in accordance with the law of errors will be 
greater. In practice the attempt will be made to increase the 
number to such a point that further increase and the closer 
correspondence resulting ivill no longer compensate for the time 
required. If the number of the series in a given test is lessened, 
the desired correspondence will also presumably decrease. How- 
ever, it is desirable that even then the approximation to the 
theoretically demanded distribution remain perceptible. 

Even this requirement is fulfilled by the numerical values 
obtained. In the two largest series of tests just described, I 
have examined the varying length of time necessary for the 
memorisation of the first half of each test. In (Jie older scries, 
these are the periods required by each 4 series of syUaWes, in 
the more recent series the periods required by each 3 of them 
taken together. The results are as follows: 

I. lathe former series: mean value (m) =$33 (P.E.^)*=±5i. 


DtSTaiBcnoK or the Sefarate Valoxs 
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2. In the later series: m=62o, P.E.os=±44. 
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AP.E. 

± 4 
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4.5 

1 

2 

i P.E 

± 7 

S 

7.6 1 

3 

2 

J P.E. 

± 11 

11 
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6 

5 

♦ PE. ; 

± 22 

25 

22.2 

13 

12 

• P.E. 1 

± 44 

44 

42.0 

21 

23 

1}P.E. , 

± 66 

56 

57.8 

29 

27 

2 P.E. 1 

± 88 

71 

69.0 

as 

33 

2^P.E. 1 

± IIQ 

76 

76.0 

, 41 

35 

3 P.E. 

± 132 

79 

80.0 

1 42 

1 37 


By both tables the supposition mentioned above of the existence 
of a less perfect but still perceptible correspondence between the 
observed and calculated distribution of the numbers is well con- 
firmed. 

Exactly the same approximate correspondence must be pre- 
supposed if, instead o! decreasing the number of series combined 
into a test, the total number of tests is made smaller. In this 
case also I will add some confirmatory summaries. 

I possess two long test series, made at the time of the earlier 
tests, which were obtained under the same conditions as the 
above mentioned series but at the later times of the day, B. and C. 

One of these, B, comprised 39 tests of 6 series each, the other, 
C, 38 tests of 8 series each, each series containing 13 syllables. 
The results obtained were as follows : 
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1. For the tests at time B : »»« 871, P.E.os= ± 63. 


DisTBisnTios OF THE Sefasate Vaiatzs 
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j Number of deviations 
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21 1 

• 19.5 


28 

26 S 


32 

' 32.0 


35 

35.4 


37 

37.3 


2. For the tests of time C: m = 1^58, P.E^= ± 60. 


DlflTRIBUnO.S OP THE ScPAHATE VaICES 
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In addition I mention a series of only twenty tests, with which 
I shall conclude this summary. Each test consisted of the 
learning of eight separate series of thirteen syllables each, which 
had been memorised once one month before. The average was 
in this case 892 seconds with a probable error of observation of 
54. The single values were grouped as follows : 
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Although the number of the tests was so small, the accordance 
between the calculation by theory’ and the actual count of devia- 
tions is in all these cases so close that the usefulness of tlie mean 
values uill be admitted, the wide limits of error being, of course, 
taken into consideration. 

Section 18. Grouping of the Results of the Separate Series 
The previously mentioned hypotheses concerning the grouping 
of the times necessary for learning the separate series were 
naturally not merely theoretical suppositions, but had already 
been confirmed by the groupings actually found. The two large 
series of tests mentioned above, one consisting of 92 tests of 
eight single series each, and the other of 84 tests of 6 single 
series eacli, thus giving 736 and 504 separate values respectively, 
afford a sufficiently broad basis for judgment. Both groups of 
numbers, and both in the same way, show the following 
peculiarities : 

1. The distribution of the arithmetical values above their mean 
is considerably looser and extends farther than below the mean. 
The most extreme values above lie 2 times and 1.8 times, re- 
spectively, as far from the mean as tJie most distant of those 
below. 

2. As a result of this dominance by the higher numbers the 
mean is displaced upward from the region of the densest dis- 
tribution, and as a result the deviations below get the preponder- 
ance in number. There occur respectively 404 and 266 deviations 
below as against 329 and 230 above. 

3. The number of deviations from the region of densest dis- 
tribution towards both limits does not decrease uniformly — as 
one would be very much inclined to expect from the relatively 
large numbers combined — but several maxima and minima of 
density arc distinctly noticeable. Therefore constant sources of 
error were at work in the production of the separate values — 
i.e., in the memorisation of the separate series. These resulted 
on the one hand in an uns3nnmetrical distribution of the num- 
bers, and on the other hand in an accumulation of them in certain 
regions. In accordance with the investigations already presented 
in this chapter, it can only be supposed that these influences com- 
pensated each other when the values of several series learned in 
succession were combined. 
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I have already mentioned as the probable cause of this unsym- 
metrical distribution the peculiar variations in the effect of high 
degrees of concentration of attention and distraction. It would 
naturally be supposed that the position of the separate series 
within each test is the cause of the repeated piling up of values 
on each side of the average. If, in the case of a large test-series, 
the values are summed up for the first, the second, and third 
series, etc., and the average of each is taken, these average values 
vaiy greatly, as might be expected. The separate values are 
grouped about their mean with only tolerable approximation 
to the law of error, but yet they are, on the whole, distributed 
most densely in its r^'on, and these separate regions of dense 
distribution must of course appear in the total result. 



The following may be added by way of supplement: on account 
of the mental fatigue which increases gradually during the course 
of a test-series the mean ^■alues ought to increase with the num- 
ber of the series ; but this docs not prove to be the case- 

Only in one case have I been able to notice anjlhing corre- 
sponding to this hj'pothesis, namely, in the large and therefore 
important series of 92 tests consisting of eight series of 13 
syllables each. In this case the mean values for the learning 
of the 92 first series, the 92 second series, etc., were found to 
be 105, 140, 142, 246, 146, 148, 144, 140 seconds, the relative 
lengths of which Fig. 2 exhibits. For all the rest of the cases 
which I investigated the typical fact is, on the contrary, rather 
such a course of the numbers as was true in the case of the 
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V'^. t«if (1’'^ •<) 



l uflhcrmofc the taltiet for J9 (rttt of tix scrio of 13 gjllahlrt 
<aeU otv'.imol ta umc It ^«e ax fotkw.x- itR. 150. ijR. ^ 
144 (Fit: 5 lower aine) 

Tltotc for 38 frttt with 13 sylUlIe icri'et of time C were 
ir>. 150. ifi 7 . >50. if»2. 153 (Fi;:. 5 upper curve). 

Finally the nutnl-er* obtained from seven tests with six stanrat 
of Ityfon’i '• I>on Juan” were: 189, 219, j-i, jol|, 183, S2f ) 
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Even in the case of the first mentioned contradictory group 
of tests a grouping of the separate mean values harmonising with 
the normal one occurs if, instead of all the 92 tests being taken 
into consideration at once, they are divided into several parts — 
i.c., if tests are combined which were taken at about the same 
time and under about the same conditions. 

The conclusion cannot be drawn from these numerical results 
that the mental fatigue which gradually increased during the 
twenty minute duration of the tests did not exert any influence. 

Jt can only be said that the supposed influence of the latter 
upon the numbers is far outweighed by another tendency which 



would not a priori be so readily suspected, namely the tendency 
of comparatively low values to be followed by comparatively high 
ones and vice versa. There seems to exist a kind of periodical 
oscillation of mental receptivity or attention in connection with 
which the increasing fatigue expresses itself by fluctuations 
around a median position which is gradually displaced.* 

’If it should ever become a natter of intercut, the attempt might be 
made to define numerically the different effects of that tendency in differ- 
ent cases For the probable errors of observation for the numerical 
values of senes-groops afford a measorc for the influence of accidental 
disturbances to which the nteinonsation is daily cTposed. If now the 
learning of the separate series in genera! were e-vposed to the same or 
similar variations of condition as occor from test to test, then according 
to the fundamental principles of the theory of errors, a probable error of 
observation calculated directly front the separate values would relate itself 
to the one just mentioned as i to Vn^ where *'n” denotes the number of 
separate series combined into a test If, however, as is the case here, 
speaal influences assert themselves daring the memorisation of these 



Th Uuhly of lltc Averages Obtained 

After orienting ourselves thus conceminr tl,„ 
of the nunterical results gsineci f™™ thf contpllte"^ 
t.ons, tve shall now turn to the real purpose of the i 
numerical description of causal relations 


swarate senes, and if such influences tend to semraf. ... 
than other vanations of conditions wouJddo thi^“ PK‘»^ further 
the separate values must turn out somewhat too from 

tioned proportion consequently too small, and the sfronl.^ fuen- 

are, the more must this be the case. stronger the influences 

An examinaUon of the actual relations !s tn K. 
but fully confirms the statements. In the difficult 

of 16 syUahles eadr. the Vn = a 4 S Wel™„d ’X S,' *'* 
error of observalion of the 84 tests The peobabff Jrror ot lb' "’'“’■aWe 
arale valires is 31.8 The quotient 31.6: is i Sr- iherrfj,'’' "P- 

% of the value of Vn. ^ ‘"Srotorc not quite 



CHAPTER V 


RAPIDITY OF LEARNING SERIES OF SYLLABLES 
AS A FUNCTION OF THEIR LENGTH 

Section jp. Tests Belonging to the Later Period 

It is sufRdently well known that the memorisation of a series 
of ideas that is to be reproduced at a later time is more difficult, 
the longer tlje series is. That is, the memorisation not only 
requires more time taken by itself, because eacli repetition lasts 
longer, but jt also requires more lime relatively because an in- 
creased ‘number of repetitions becomes necessarj'. Six verses 
of a poem require for learning not only three times as much 
time as two but considerably more than that. 

I did not investigate especially this relation of dependence, 
which of course becomes evident also in the firat possible repro- 
duction of series of nonsense syllables, but incidentally I ob- 
tained a few numerical values for it which are worth putting 
down, although they do not show particularly interesting 
relations. 

The series in question comprised (in the case of the tests of 
the year 18S3-84), 12, 16, 24, or 36 syllables each, and 

9 , 6, 3, or 2 series were each time com- 
bined into a test. 

For the number of repetitions necessary in these cases to 
memorise the series up to the first errorless reproduction (and 
including it) the following numerical results were found : 



Y Byllables 
each 




x= 


1 

15S 


7 



186 


42 



134 


7 

2 

I 1 

112 


7 
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In order to make the number of repetitions comparable it is 
neccssarj', so to speak, to rwlucc tlicni to a common denominator 
and to divide them each time by the number of the series. In 
this way it is found out how nuny repetitions relatively were 
neccssarj* to team by heart the single scries, uhich differ from 
each other only in the number of syllables, and which each 
lime had been lakcir together with as many others of the same 
kind as would make the duration of the whole test from fifteen 
to thirty minutes.* 

However, a conclusion can be drawn from tl»c figures from the 
standjxjint of decrease in number of syllables. The question can 
be asked: What number of syllables can be correctly recited 
after only one reading? For me the nvnnbcr is usually seven. 
Indeed I have often succeeded in reproducing eight syllables, but 
this has happened only at the Wginning of the tests and in a 
decided minority of the eases. In the case of si* syllables on 
the other hand a mistake almost never occurs} with them, there* 
fore, a single attentive reading involves an unnecessarily large 
e.Tpcnditure of energj’ for an immediately following reproduction. 

If this latter pair of values is added, the required division 
made, and the last faultless reproduction subtracted as not 
necessary for the learning, then the following table results. 

KurnWrof n*peltt5oM 

Kumlwr of npcw^ry for Cral Probable 

ryllible* errort««» rrpttMlutiion error 

in ft eene* (enelusiw of it) 

7 I 

12 in 0 ±11 

ir, ao o ±04 

24 41 O ±17 

30 MO ±28 


’The obiection might be nude that, by mean* of this divisirtn. recourje 
is made directly to the averaRe* for the memorising of the single series, 
and that in this way the result of ihe Fourth Chapter is disregarded. For. 
according to that the aserages of Ihe numbers obtained from groups of 
scries could indeed be used for investigation into relations of dependence, 
but the averages obtained from separate senes could not be so used I do 
not claim, howescr. that the above numbers, thus obtained by dieision, 
form the correct average for the numbers belonging to the separate series, 
if, that the latter group themselves according to the law of errors. But 
the numbers are to be considered as averages for groups of senes, and. for 
the sake of a better comparison with others — a condition sshich in the 
nature of the case could not be everywhere the same— is made the same 
by division. The probable error, the measure of their accuracy has not 
been calculated from the numbers for the separate series but from those 
for the groups of senes. * 
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The longer of the two adjoining curves of Fig. 6 illustrates 
the regular course of these numbers with approximate accuracy 
for such a small number of tests. As Fig. 6 shows, in the cases 
examined, the number of repetitions neccssarj’ for the memorisa- 
tion of series in which the number of syllables progressively 
increased, itself increases with extraordinary rapidity with the 
increase in number of the syllables. 

At first the ascent of the curve is very steep, but later on it 
appears to gradually flatten out. For the mastery of five times 



the number of syllables that can be reproduced after but one 
reading — i.c., after about 3 seconds — over 50 repetitions were 
necessary, requiring an uninterrupted and concentrated effort 
for fifteen minutes. 

The curve has its natural starting point in the zero point of 
the co-ordinates. The short initial stretch up to the point, 
x=J7, y = i, carl be explained thus; in order to recite by heart 
series of 6, 5, 4, etc., syllables one reading, of course, is all that 
is necessary. In my case this reading does not require as 
much attention as does the y-syllable one, but can become more 
and more superficial as the number of syllables decreases. 
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Section 20. Tests Belongitig to the Earlier Period 

It poes without saying that since the results reported were 
obtained from only one person they have meaning only as related 
to him. The question arises whether they are for this individual 
of a general significance — i.e., whether, by repetition of the tests 
at another time, they could be expected to show approximately 
the same amount and grouping. 

A series of results from the earlier period furnishes the de- 
sired possibility of a control in this direction. They, again, 
have been obtained incidentally (consequently uninfluenced by 
expectations and suppositions) and from tests made under dif- 
ferent conditions than those mentioned. These earlier tests 
occurred at an earlier hour of the day and the learning was 
continued until the separate series could be recited twice in 
succession without mistake. A test comprised 
IS series of lo syllables each, 
or 8 “ “ 13 “ “ 

or G " “ 16 “ “ 

or 4 *' " 19 *' " 

So, again, four different lengths of series have been taken 
into account, but their separate values lie much closer together. 

Since the repetitions— which are in question here— were not 
counted at all in the earlier period, their number had to be cal- 
culated from the times. For this purpose the table on p. 31 
has been used after corresponding interpolation. If the num- 
bers found are immediately reduced to one series each, and if 
along with it the two repetitions representing the recitation are 
subtracted as above, we obtain : 


Number of 
syllables 
in a senes 

Number of repetitions 
necessary for two 
errorless Teprodactions 

1 (exclusive of them) 

1 Probable 
error* 

1 Number 
of tests 

1 

10 

13 



13 

23 

1 ±05 


16 


1 ± 1 3 

6 

19 


1 ± 2 0 1 

1 11 


‘The probable errors are based npon calculation and have only 
approximate value. ^ 





5 ° 


Memory 


The smaller curve of Fig. 6 exhibits graphically the arrange- 
ment of these numbers. As may be seen, the number of repeti- 
tions necessary for learning equally long series was a little larger 
in the earlier period than in the later one. Because of its uni- 
formity this relation is to be attributed to differences in the 
experimental conditions, to inaccuracies in the calculations, and 
perhaps also to the increased training of the later period. The 
older numbers fall very close to the position of the later ones, 
and — %vhat is of chief importance — the two curves lie as closely 
together throughout the short extent of their common course 
as could be desired for tests separated by years and un- 
affected by any presuppositions. There is a high degree of prob- 
abilitj’, then, in favor of the supposition that the relations of 
dependence presented in those curves, since they remained con- 
stant over a long interval of time, are to be considered as char- 
acteristic for the person concerned, although they are, to be 
sure, only individual. 

Section si. Increase in Rapidity of Learning in the Cose of 
Meaningful Material 

In order to keep in mind the similarities and differences be- 
tween sense and nonsense material, 1 occasionally made tests 
with the English original of Byron’s " Don Juan.” These 
results do not properly belong here since I did not vary the 
length of the amount to be learned each time but memorised 
on each occasion only separate stanzas. Nevertheless, it is in- 
teresting to mention the number of repetitions necessary because 
of their contrast with the numerical results just given. 

There are only seven tests (1884) to be considered, each of 
which comprised six stanzas. When the latter, each by itself, 
were learned to the point of the first possible reproduction, an 
average of 52 repetitions {P.E.^=±o.6) was necessary for all 
six taken together. Thus, each stanza required hardly nine repe- 
titions; or, if the errorless reproduction is abstracted, scarcely 
eight repetitions.' , 

* For the sake of correct evaluation of the ntimhers and correct connec- 
tion with possible individual observations, please note p. 24 , r. 

In order to procure uniformity of method the stanzas were always 
read through from beginning to end; more difficult passages were, not 
learned separately and then inserted. If that had been done, the times 
would have been much shorter and nothing could have been said about 
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If it is bom in mind that each stanza contains 80 syllables 
(each syllable, however, consisting on the average of less than 
three letters) and if the number of repetitions here found is 
compared with the results presented above, there is obtained an 
approximate numerical expression for the extraordinary advan- 
tage which the combined ties of meaning, rhythm, rhjTne, and 
a common language give to materia! to be memorised. If the 
above curv’e is projected in imagination still further along its pres- 
ent course, then it must be supposed that I would have required 70 
to 80 repetitions for the memorisation of a scries of 80 to 90 
nonsense syllables. WTien the syllables were objectively and sub- 
jectively united by the ties just mentioned this requirement was 
in my case reduced to about one-tenth of that amount. 

the number of repetitions Of course the reading was done at a uniform 
rate of speed as tar as possible, but not in the slow and mechanically 
regulated tune that was employed for the series of syllables. The regula- 
tion of speed was left to free estimatioo. A single reading of one stanza 
required so to 23 seconds. 



CHAPTER VI 


RETENTION AS A FUNCTION OF THE NUMBER OF 
REPETITIONS 

Section is. Statement of the Problem 

The result of the fourth chapter was as follows: When in 
repeated cases I memorised series of syllables of a certain length 
to the point of their first possible reproduction, the times (or 
number of repetitions) necessary differed greatly from each 
other, but the mean values derived from them had the character 
of genuine constants of natural science. Ordinarily, therefore, 

I learned by heart homogeneous series under similar conditions 
with, on the average, a similar number of repetitions. The large 
deviations of the separate values from each other change the 
total result not at all; but it would require too much time to 
ascertain with exactness the number necessary for greater pre- 
cision in detail. 

What will happen, it may be asked, if the number of repe- 
titions actually given to a certain series is less than is required 
for memorisation or if the number exceeds tlic necessary 
minimum? 

The general nature of what happens has already been de- 
scribed. Naturally the surplus repetitions of the latter alterna- 
tive do not go to waste. Even though the immediate effect, the 
smooth and errorless reproduction, is not affected by them, yet 
they are not without significance in that they serve to make other 
such reproductions possible at a more or less distant time. The 
longer a person studies, the longer he retains. And, e^'en in the 
first case, something evidently occurs e%-ea if the repetitions do 
not suffice for a free reproduction. By them a way is at least 
opened for the first errorless reproduction, and the disconnected, 
hesitating, and faulty reproductions keep approximating more 
and more to it. 

These relations can be described figuratively by speaking of the 

S2 
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series as being more or less deeply engraved in some mental sub- 
stratum. To carry out this figure; as tlie number of repetitions 
increases, tlie series are engraved more and more deeply and 
indelibly; if the number of repetitions is small, the inscription 
is but surface deep and only fleeting glimpses of the tracery can 
be caught; with a somewhat greater number the inscription can, 
for a time at least, be read at will ; as the number of repetitions 
is still further increased, the deeply cut picture of the series 
fades out only after ever longer intervals. 

What is to be said in case a person is not satisfied with this 
general statement of a relation of dependence between the num- 
ber of repetitions and the depth of the mental impression ob- 
■tained, and if he demands that it be defined more clearly and 
in detail? The thermometer rises with increasing temperature, 
the magnetic needle is displaced to an increasing angle as the 
intensity of the electric current around it increases. But while 
the mercury always rises by equal spaces for each equal increase 
in temperature, the increase of the angle showing the displace- 
ment of the magnetic needle becomes less with a like increase 
in the electric current. Which analogy is it which holds for the 
effect of the number of repetitions of the series to be memorised 
upon the depth of the resulting Impression? Without further 
discussion shall we make it proportional to the number of repe- 
titions, and accordingly say that it is twice or three times as 
great when homogenous series are repeated with the same degree 
of attention twice or thrice as many times as are others? Or 
does it increase less and less with each and every constant increase 
in the number of repetitions? Or what does happen? 

Evidently this question is a good one ; its answer would be 
of theoretical as well as practical interest and importance. But 
with the resources hitherto at hand it couM not be answered, 
nor even investigated. Even its meaning will not be quite clear 
so long as the words “ inner stability ” and “ depth of impression ” 
denote something indefinite and figurative rather than something 
clear and objectively defined. 

Applying the principles developed in section 5, I define the 
inner stability of a series of ideas — the degree of its retamability 
— ^by the greater or less readiness with which it is reproduced at 
some definite time subsequent to its first memorisation. This 
readiness I measure by the amount of work saved in the re- 
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learning of any series as compared with the work necessary 
for memorising a similar but entirely new series. 

The jnter\'al of time between the two processes of memorisa- 
tion is of course a matter of choice. I chose 24 hours. 

Since in the case of this definition we are not tiydog to settle 
a matter of general linguistic usage, it cannot be properly asked 
whether it is correct, but only whether it sares the purpose, 
or, at the most, whether it is applicable to the indefinite ideas 
connected with the notion of different depths of mental im- 
pression. The latter will probably be granted. But nothing can 
be said in advance as to how vrell it fulfills its purpose. That 
can be judged only after more extensive results hav'e been ob- 
tained. And the character of the judgment will depend to a 
great extent on whether the results obtained with the help of 
this means of measurement fulfill the primary demand which 
we make with reference to any system of measurement. It 
consists in this,— that if any change whatever is made in the 
controllable conditions of that scale, the results obtained 
by the scale in i^ new form can be reduced to those of the old 
form by multiplication by some one constant Jo our present 
case, for example, it would consequently be necessary to know 
whether the character of the results would remain the same if 
any other interval had been employed instead of that of 24 hours, 
arbitrarily chosen for measuring the after-effect of repetitions, 
or whether as a consequence the entire rationale of the results 
would be different, just as the absolute values are necessarily 
different Naturally, this question cannot be decided a priori. 

For ascertaining the rclatfon of dependence between the in- 
crease in the number of repetitions of a series and the ever 
deeper impression of it which results, I have formulated the 
problem as follows: If homogeneous scries are impressed to 
different extents as a result of different numbers of repetitions, 
and then 24 hours later are learned to the point of the first 
possible reproduction by heart, how are the resulting savings in 
work related to each other and to the corresponding number of 
former repetitions? 

Section 33. The Tests and their Results 

In Older to answer the question just formulated, I have car- 
ried out 70 double tests, each of six series of 16 syllables each. 
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Each double lest consisted in this, that the separate scries — each 
for itself — were first read attentively a given number of times 
(after frequently repeated readings they were recited by heart 
instead of read), and that 24 hours later I relearned up to the 
point of first possible reproduction the series thus impressed 
and then in part forgotten. Tlie first reading was repeated 8, 
16, 24, 33, 42, 53, or 64 times. 

An increase of the readings used for the first learning beyond 
64 repetitions proved impracticable, at least for six series of this 
length. For with this number each test requires about of 
an hour, and toward the end of this time exhaustion, headaclie, 
and other sjTuptoms were often felt which would have com- 
plicated the conditions of the test if the number of repetitions 
had been increased. 

The tests were equally divided among the seven numbers of 
repetitions investigated so that to each of them were allotted 10 
double tests. The results were as follows for the six series of a 
single test taken togetiier and without subtraction of the time 
us^ for reciting. 

After a preceding study of the series by means of “x" repe- 
titions, they were learned 24 hours later with an expenditure of 
“y” seconds. 



in learning by heart the seri« studied 24 hours previously. Since 
we are interested not so much in the times used as the times 
saved, we must know how long it would have taken to learn by 
heart the same series if no previous study had been made. In 
the case of the series which were repeated 42, 53, and 64 times. 
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this lime can be learned from the tests themselves. For, in 
their case, the number of repetitions is neater than the average 
minimum for the first possible reproduction, which in the case 
of the l6-syUabIe series (p. 46) amounted to 31 repe- 
titions. In their case, therefore, the point can be rfeterm/ned 
at which the first errorless reproduction of that series appeared 
as the number of repetitions kept on increasing. But on account 
of the amtinued increase in the number of repetitions and the 
resulting extension of the time of the test, the conditions were 
somewhat different from those in the custoraaiy learning of 
series not hitherto studied. Jn the case of the series to which 
a smaller number of repetitions than the abo\'e were given, the 
numbers necessary for comparison cannot be derived from their 
own records, since, as a part of the plan of the experiment, they 
were not completely learned b>' heart. I have consequently pre- 
ferred each time to find the saving of work in question by com- 
parisoQ with the time required for learning by heart not the 
same but a similar series up to that time unlojomi. For this 
I possess a fairly correct numerical value from the time of the 
tests in question: any six i6-syIUbfe series was learned, as an 
average of S3 tests, in 1,270 seconds, with the small probable 
error ± 7. 

If all the mean values are brought together in relation to this 
last value, the following table results: 
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ascribe general validity to these results, at least for my own 
case. 

Note. — ^T here is in the tests an inner inequality which I can neither 
avoid, nor remote by orrection, but can only point out It is that a 
small number of repetitions of the series requires only a few minutes, and 
unsequently come at a time of unusual mental vitahty. With 64 repeti- 
tions the whole work takes about of an hour; the great part of the series 
is, therefore, studied in a condition of diminished vigor or even of a certain 
exhaustion, and the repetitions will, consequently, be less efreedve. It 
is just the reverse of this in the reproduction of the series the next 
day. ^The series impressed by 8 perusals require three times as much 
time in order to be memorised as those pe^ed 64 times. Consequently 
the latter will be learned a tittle more quickly not only on account of 
their greater fixedness, but also because they are now studied for the 
most part under better conditions. These irregularities are mutually 
opposed, as is evident, and therefore partially compensate each other: 
the series prepared under comparatively unfa v o r able conditions are 
memorised under comparatively more favorable conditions, and vice 
versa. I cannot tell, however, how far this compensation goes and 
how far any remaining inequality of eondilions disturbs the results. 

Section 24. The Influence of Recollection 

One factor in the regular course of the results obtained seems 
to desen’e special attention. In ordinary* life it is of the greatest 
Insportance, as far as the form which memory assumes is con- 
cerned, whether the reproductions occur rrith accompanying 
recollection or not, — i.e., whether the recurring ideas simply 
return or whether a knowledge of their former e-xlstence and cir- 
cumstances comes back with them. For, in this second case, they 
obtain a higher and special value for our practical aims and 
for the manifestations of higher mental life. The question now 
is, what connection is there between the inner life of these ideas 
and the complicated phenomena of recollection which sometimes 
do and sometimes do not accompany the appearance in con- 
sciousness of images? Our results contribute somewhat toward 
the answer to this question. 

\^T]en the series were repealed 8 or 16 times they had become 
unfamiliar to me by the next day. Of course, indirectly, I knew 
quite well that they must be the same as the ones studied the 
day before, but I knew this only indirectly. I did not get it from 
the series, I did not recognise them But with 53 or 64 repeti- 
tions I soon, if not immediately, treated them as old acquaint- 
ances, 1 remembered them distinctly. Nothing corresponding to 
this difference is evident In the times for memorisation and for 
savings of work respectively. They are not smaller relatively 
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of work after 24 hours the effect of the later repetitions gradu- 
ally decreases. 

Series of 12 syllables (six of the series were each time 
combined into a test) were studied to the point of first possible 
reproduction; and immediately after the errorless reproduction 
each series was repeated three times (in all four times) as often 
as the memorisation (exdusive of the recital) liad required. 
After 24 hours the same series were relearned to the first possible 
reproduction. Four tests furnished the following results (the 
numbers indicate the repetitions) : 


Repetitions 
for the 
leaming and 
recitu of 

6 series 

Immediately 
euccessi^'e 
repetitions 
for the sake ot 
greater surety 

Total 
number of 
repetitions 
used for the 
6 scries 

After 24 
hours the 
Dicmoriration 
of the series 
required 

Thus the work 
saved by the 
total number 
of repetitions 
amounted to 


294 

39S 

41 

63 


255 

3S6 

39 

C2 


324 

438 

45 

63 


309 

416 

38 

71 


303 

410 

41 

CC 

F.Edi»1A 


In my own case — within reasonable limits — the after-effect 
of the repetitions of series of 12 syllables after 24 hours is a 
little smaller than is the case with 16 sj-Uables it must be 
estimated as at least three tenths of the sum total of tlie repe- 
titions. If this relation were approximately to continue to hold 
with very numerous repetitions, it would be reasonable to expect 
that, after 24 hours, series on whose impression four times as 
many repetitions had been expended as were necessary for their 
first reproduction could be recited without any further expendi- 
ture of energy. Instead of this, in the cases examined, the re- 
learning required about 35 per cent of the work required for 
the first recital. The effect of an average number of 410 repe- 
titions was a saving of only one sixth of this sum. If now 
the first repetitions were represented by about three tenths of 
their amount, the effect of the later repetitions must have been 
very slight. 

Investigations of the following kind, which I do not here 
give in detail, led to the same result. Syllable series of different 
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lengths ^\e^e gradually memorised by frequent repetitions which, 
however, did not all take place on one day, but were distributed 
over se%'eral successive days (Chap. ^\^len, after several 

days, only a few repetitions were necessary in order to learn the 
series by heart, they were repeated three or four times as often 
as was necessary', at this phase of memorisation, for the first 
errorless reproduction. But in no single case did I succeed in 
an errorless reproduction of the series after 24 hours unless 
I had read them again once or several times. The influence of 
the frequent repetitions still appeared, indeed, in a certain sarong 
of work, but this became less in proportion to the decreasing 
amount of work to be saved. It was very hard, by means of 
repetitions which had taken place 24 hours previous!}', to elimin- 
ate the last r emn ant of the work of relearning a gh'en series. 

To summarise: The effect of increasing the number of repe- 
titions of series of syllables on their inner fixedness in the above 
defined. sen«e grew at first appro.ximately in proportion to the 
number of repetitions, then that effect decreased gradually, and 
finally became veiy slight when the series were so deeply im- 
pressed that the}' could be repeated after 24 hours, almost spon- 
taneously. Since this decrease must be considered gradual and 
continuous, its beginning would, in more accurate investigations, 
probably have become erident even within the limits within which 
we found a proportionality, whereas now it is hidden on account 
of its small amoimt and the wide limits of error. 
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RETENTION AND OBLIVISCENCE AS A FUNCTION 
OF THE TIME 

Section 26. Expianattons of Retention and Obtiviscaice 
All sorts of ideas, if left to themselves, are gradually for- 
gotten. This fact is generally known. Groups or series of 
ideas which at first we could easily recollect or which recurred 
frequently of their owti accord and in lively colors, gradually 
return more rarely and in paler colors, and can be reproduced 
by voluntary effort only with difficulty and in part. After a 
longer period even this fails, except, to be sure, in rare instances. 
Names, faces, bits of knowledge and experience that had seemed 
lost for years suddenly appear before tlie mind, especially in 
dreams, mth every detail present and in great vividness; and 
it is hard to see whence they came and how. they managed to 
keep hidden so w’ell in the meantime. Psychologists— each in 
accordance with his general standpoint — interpret these facts 
from different points of view, whidi do not exclude each other 
entirely but still do not quite harmonise. One set, it seems, lays 
most importance on the remarkable recurrence of vivid images 
even after long periods. They suppose that of the perceptions 
caused by external impressions there remain pale images, 

“ traces,” which, although in every respect weaker and more 
flighty than the original perceptions, continue to exist unchanged 
in the intensity possessed at present. These mental images can- 
not compete with the much more intense and compact percep- 
tions of real life; but where the latter arc missing entirely or 
partly, the former domineer all the more unrestrainedly. It is 
also true that the earlier images are more and more overlaid, 
so to speak, and covered by the later ones. Therefore, in the 
case of the earlier images, the possibility of recurrence offers 
itself more rarely and w'ith greater difficulty. But if, by an 
accidental and favorable grouping of circumstances, the accumu- 
62 
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lated layers are pushed to one side, then, of course, that which 
was hidden beneath must appear, after whatever lapse of time, 
in its original and still existent vividness.* 

For others* the ideas, the persisting images, suffer changes 
which more and more affect their nature; the concept of obscura- 
tion comes in here. Older ideas are repressed and forced to sink 
do%vn, so to speak, by the more recent ones. As time passes one 
of these general qualities, inner dearness and intensity of con- 
sciousness, suffers damage. Connections of ideas and series of 
ideas are subject to the same process of progressive weakening; 
it is furtliered by a resolution of the ideas into their components, 
as a result of which the now but loosely connected members are 
eventually united in ne\v combinations. The complete disap- 
pearance of the more and more repressed ideas occurs only 
after a long time. But one should not imagine the repressed 
ideas in their time of obscuration to be pale images, but rather 
to be tendcndes, “ dispositions," to recreate the image contents 
forced to sink down. If these dispositions are somehow sup- 
ported and strengthened, it may happen at any one moment that 


*Thi» Is the orinion of Aristotle and is still authoritative for many 
people. Lately, for Instance. Delboeof has taken it up acaln. and has 
used It as a complement to his “ theorie penenle di la sensiUlitL'* In 
his article. Le sommfil el let ret-et (Rev. Phtlot. IX. p 153 f.). he says: 
“Nous vojons maintenant ctic tout acte de sentiment, tie pens^e cu de 
Tolition en vertu d'une loi universelle imprinie en nous une trace plus 
ou moins profonde, mtis indelebile, cencralement cravee snr une tnhniti 
de traits anterieurs, surchar^ec plus tard dune autre infinite de linea* 
ments dc toute nature, mais done recriture est nemmoins indefinimcnt 
«nsceptible de reparaitre rive ft nettc au jour" (W'c see now that by 
a general law every act of feeling, thought or will leaves a more or less 
deep but indelible impress upon oor mind, that such a tracing it usually 
graven upon an infinite numlier of previous traces and later 11 itself over- 
laid with innumerable others l>ut nevertheless is still capable of nvid 
and clear reappearance ) It is inie ihai he proceeds' " neanmoins 
il y a quel<iue vente dans I'opimon qui leut qce la memoire non senlctnent 
se fatigue mais s'oblitere” (ncvenhelejs there t$ some truth 

in the rp-nion that memory not onli becomes fatigued but that it dis- 
appears'’). but he explains this ^ the theory that one memory might 
hinder another from appearing ^ ^Si on souvenir ne chasse pas Tautre 
on pent du moins pretmdre qn’un voavenir empeche Vautre et qu'ainti 
yewie la sisWance «e«lieaVt. clvts Vvsvdvt\4n. vl y a un Traximam fie 
vaiuration" (If one recollection does not actually drive out another 
it may at least be maintamed that one recollection hinders the other and’ 
that thus the brain of each individual is saturated.) 

The curious theory of Ham and others that each idea is Jod'*ed in 
a separate ganglion ccH an h^ihesis impossible both psjcholc^cally 
and nhystolopeally. is also rooted to a certain extent in Aristotle s«e«r 
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the repressing and hindering ideas become depressed themselves, 
and that the apparently forgotten idea arises again in perfect 
clearness. 

A third view holds that, at least in the case of complex ideas, 
obliviscence consists in the crumbling into parts and the loss of 
separate components instead of in general obscuration. The idea 
of resolution into component parts recently spoken of supplies 
here tlie only explanation. “ The image of a complex object is 
dim in our memory not because as a whole with all its parts 
present and in order it is illuminated by a feebler light of con- 
sciousness, but it is because it has become incomplete. Some 
parts of it are entirely lacking. Above all the precise connection 
of those still extant is, in general, missing and is supplied only fay 
the thought that some sort of union once existed between them; 
the largeness of the sphere in which, without being able to 
make a final decision, we thmk this or that connection equally 
probable, determines the degree of dimness which we are to 
ascribe to the idea in question."* 

Eacli of these opinions receives a certain, but not exclusive, 
support from the actual inner experiences, or experiences sup- 
posed to be actual, which we at times have. And what is the 
reason? It is that these fortuitous and easily obtamed inner 
experiences are much too vague, superficial and capable of various 
interpretations to admit in their entirety of only a single inter- . 
pretation, or even to let it appear as of preponderating proba- 
bility. Who could, with even tolerable exactness, describe in its 
gradual course the supposed overlaying or sinking or crumbling 
of ideas? Who can say anj'thing satisfactory about the inhibi- 
tions caused by series of ideas of different extent, or about the 
disintegration that a firm complex of any kind suffers by the 
use of its components in neiv ojnnections? Everybody has liis 
private “ explanation ” of these processes, but the actual condi- 
tions which are to be explained are, after all, equally unknown 
to all of us. 

If one considers tlie limitation to direct, unaided observation 
and to the chance occurrence of useful experiences, there seems 
but little prospect of improvement in conditions. How will 
one for example determine the degree of obscuration reached 
at a certain point, or tlie number of fragments remaining? Or 

•Lotze, Metaphj-sik (1879), p 521; also ilskrokostnos (3) I, p. 23t ff. 
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times.— namely, after about one third of an hour, after i hour, 
after 9 hours, one day, two days, six days, or 31 days. 

Tlic ,tjmcs were measured from the completion of the first 
set of first learnings, as a consequence of which no great accuracy 
was required in ease of the longer intcn'als. The influence of 
the last four intervals was tested at three different times of 
day (p. 33). Some preliminary remarks arc necessary before 
the results obtained can be communicated. 

Similar experimental conditions may be taken for granted in 
the case of the series relearned after a number of whole days. 
At any rate there is no sray of meeting the actual fluctuations 
cs’cn when e.>rtemat conditions are as far as possible similar, other 
than bj* a multiplication of the tests. Where the inner dissimi- 
larity was presumably the greatest, namely after the interval of 
an entire month. I approximately doubled the number of tests. 

In the ease of an tntcr\-al of nine hours and an interval of 
one hour between learning and relearning, there existed, how- 
ever, a noticeably constant difference in the experimental con- 
ditions. In the later hours of the day menial vigor and receptivity 
are less. Tlie series learned in the morning and then reJeamed 
at a later hour, aside from other Influences, require more wori: 
for relearning than they would if the relearning were done at 
a time of mental vigor equal to that of the original learning. 
Therefore, in order to become comparable, the numerical values 
found for relearning must suffer a diminution which, at least 
in the case of the 8 hour inten-al, is so considerable that it 
cannot be neglected. It must be ascertained how much longer 
it takes to leam at the time of day, B, series which were learned 
in " a " seconds at the time of day, A. The actual determina- 
tion of this quantity' presupposes more tests than I, up to the 
present, possess. If a neeessarj- but inexact correction Is applied 
to the numbers found for 1 and for 8 hours, these become even 
more unreliable than if left to themselves. 

In the case of the smallest interval, one third of an hour, the 
same drawback reappears, though to a less d^ee; but it is 
probably compensated for by another dreumstance. The interval 
as a whole is so short that the relearning of the first series of 
a test followed almost immediately or after an interval of one 
or two minutes upon the learning of the last series of the same 
test. For this reason the whole formed, so to speak, one con- 
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tinuous test in which the relearning of the series took place 
under increasingly unfavorable conditions as regards mental 
freshness. But on the other hand the relearning after such a 
short interval was done rather quidcly. It took hardly half of 
the time required for the learning. By this means the interval 
between the learning and rdeaming of a certain series became 
gradually smaller. The later series therefore had more favor- 
able conditions with regard to the time inter%'al. In ^^ew of 
the difSculty of more accurate determinations, I have taken it 
for granted that these two supposed counteracting influences 
approximately compensated each other. 


• Section e8. Results 
In the following table I denote by: 

L the time of first learning of the series in seconds, just as tbej* 
were fmmd, therefore including the time for the two reci- 
tations. 

WT. the time for relearning the series also including the recita- 
tions. 

the time of relearning reduced where necessary by a cor- 
rection. 

j the difference L — \VL or L — as the case may be— that 
Is, the saving of work tu the case of relearning, 

Q the relation of this saving of work to the time necessary for 
the first learning, given as a per cent In the calculation 
of this quotient I considered only the actual learning time, 
the time for recitation haring been subtracted.^ 

The latter was estimated as being 85 seconds for two recita- 
tions of 8 series of 13 syllables each; that would correspond to 


* A theoretically correct detcraunaUon of the Probable Errors of 
the differences and quotients found would be ^ery difficult and trouble- 
some. The directly observed values L and WL would ha%c to be made 
the basis of it. But the ordinary rules of the theory of errors cannot 
be applied to these values, because these rules are valid only for obser- 
%-ations gained independently of one another., whereas L and XVI. act 
inwardly connected because they were obtained from the same series 
The source of error. “ difficulty- of the series," does not vary ty chance, 
but HI the same way for each pan of values. Therefore I took here 
the leammg and relearning of the series as 3 single test and the 
resultiDg A or Q, as the case may be. as its tmmencal representative 
From the independently calculated A and Q. the probable errors were 
then oloilated jest as from directly observed values. That is «tiffident 
for an approvimate estimate of the teliab^ty o! the numb^ 
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a duration of o^i seconds for each syllable (p. 31). 

Tims Q= 100 A 

L — 85 

Finally A, B, C mean tlic previously mentioned times of day, 
lO-Il A. M., II-I2 A. ir., CS P. M. 

I. 10 minutes. 12 tests. Lrarninx snd rctc.-ireln|; at the time A. 
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in. 625 minutes. 12 tests. The learning at the time A, the relearning 
at the time C. The djfTerent infiaence of the two times of day is calculated 
as follows: eight series of 13 syllables dch required, with 3S tests at time 
C, 1173 seconds (P.E.n^lO); similar senes with 92 tests at time A required 
1027 seconds (P.E ni=8). The first number is epprotimately 12 per cent, 
of its own value larger than the second; therefore I have subtracted that 
much from the numerical values found for the time C. 
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The a'k'erage differences bctrrcca times of learning and releaming at the 
different times of day "v'ery somewhat with regard to their absolute \'alues 
(Of course in the case of U the number 2S1 must first be multiplied by 4/3, 
bcCTUSo It is derived from only 6 fienes.) But the relations of these differ- 
ences to tho times of first le-irning (the Q’s) harmonize sufEciently well. 
If, therefore, all the Q’s are combinedinageneral average, (J==33 7 (P.E n)=1.2). 

V. Two days. 26 tests; IJ of these at the time A, 7 at B, S at C. 


K 
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“nic average of tlic toUl JO aavings of v»ork, ftated jo per cenfj, U 25A 
(P4i.io*“1.3). 


VII. 31 d.'»3r8. 45 teals; 20 al the time A, 15 at B, 10 at C. 
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c 


L 

\VL 

1 J j 

' Q 

H24 

1004 

420 1 

31.4 

1307 1 

1102 

205 

16 4 

1351 ' 

893 

458 ' 

S6.2 

1245 

1090 

155 

13 4 

1258 

895 

soa 

31.0 

1155 

1070 

85 

7.9 

1219 

800 

410 

30.9 

1278 

lliO 

IfiS 

14 1 

1120 

1051 

69 

6.7 

1250 

1055 

195 

16 7 

m 12G1 

1007 

254 

21.1 



1 

P.E.m=2 7 


The averageof 45 savings of work expressedio per treiit8<=21.1 (P.E.fn*0 S) 


A hasty glance at the figures above reveals the fact that for 
each interval of time the savings in work which become evident 
when the series is relearned have very fluctuating values. (This 
saving in work is each time the measure for the amount re- 
membered at the end of the interval.) This is especially the 
case with their absolute values (A), but is also the case with 
the relative values (Q). The results arc taken from the earlier 
period and suffer from several disturbing influences to which 
my attention was first drawn by the tests themselves. 

In spite of all irregularities in detail, however, they group 
themselves as a whole with satisfactory certainty into an har- 
monious picture. As a proof of this the absolute amount of 
the saving in work is of Jess value. The latter evidently depends 
upon the time of day — upon the changes in the time of the 
first learning dependent upon it. When this change is greatest 
(time C), A also is greatest; for the time B, they are in ^ of 
tlie cases larger than for the time A (after multiplying by 4/3). 
On the other hand, the values (Q) found for the relation of each 
saving of work to the time ori^nally spent, are apparently almost 
independent of this ratio Their averages are close together for 
all three times of day, and do not show any character of increase 
or decrease in the later hours. Accordingly I here tabulate the 
latter. 
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No. 

After X 
hours 

II 

So much of the seriM 

learned was retained that 

in relearning a raring of 

Q % of the time of origina! 
fcnming waa maite 

III 

PJE.m 

IV 

The amount forgotten 
was thu.s equi^-alent to 
* % of the original in 
(erna of time of feamiag 

1 

X= 

0.23 

Q= 

SS.2 

1 

R 

2 

1. 

44.2 

1 

55 8 

.3 

S 8 

35.8 


&t 2 

•t 

24. 

33.7 

1.2 

Cti.S 

S 

48. 

27.8 

1.4 

72.2 

C 

0x24 

25.4 

1.3 

74 C 

7 

31x21 

21.1 

0.8 

78. a 


Section 29. Discussion of Results 

1. It will probably be claimed that the fact that forgetting 
would be very rapid at the beginning of the process and very 
slow at the end should have been foreseen. However, it would 
be just as reasonable to be surprised at this initial rapidiQ^ and 
later slowness as they come to light here under the d^nhe con* 
ditfons of our experiment for a certain indiWdual, and for a 
series of 13 syllables. One hour after the end of the learning, 
the forgetting had already progressed so far that one half the 
amount of the original work had to be expended before the 
series could be reproduced again; after 8 hours the work to be 
made up amounted to two thirds of the first effort. Gradually, 
how’ever, the process became slower so that even for rather long 
periods the additional loss could be ascertained only with diffi- 
culty. After 24 hours about one third W'as alw’ays remembered; 
after 6 days about one fourth, and after a whole month fully 
one fifth of the first w’ork persisted in effect. The decrease of 
this after-effect in tlie latter intervals of time is evidently so 
slow that it is easy to predict that a complete vanishing of the 
effect of the first memorisation of these series would, if they 
had been left to themselves, have occurred only after an indefin- 
itely Jong period of time. 

2. Least satisfactory in the results is the difference between 
the third and fourth values, especially when taken in connection 
with the greater difference between the fourth and fifth numbers. 

In the period 9-24 hours the decrease of the after-effect would 
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accordingly liave been 2>5 per cent. In the period 24 to 48 hours 
it would have been 6.1 per cent; in the later 24 hours, then, about 
three times as much as in the earlier 15. Sudi a condition is 
not credible, since in the case of all the other numbers the 
decrease in the after-effect is greatly retarded by an increase in 
time. It docs not become credible even under the plausible 
assumption that night and sleep, which form a greater part of 
the 15 hours but a smaller part of the 24, retard considerably 
the decrease in the after-effect. 

Therefore it must be assumed tliat one of these three values is 
greatly affected by accidental influences. It would fit in well 
with the other observations to consider the number 33.7 per cent 
for the relearning after 24 hours as somewhat too large and to 
suppose that with a more accurate repetition of the tests it would 
be i 'to 2 units smaller. However, it is upheld by observations 
to be stated presently, so that I am in doubt about it. 

3. Considering the special, individual, and uncertain character 
of our numerical results no one will desire at once to know 
what “law” is revealed in them. However, it is noteworthy 
that all the seven values which cover intervals of one third of 
an hour in length to 31 days in length (thus from singlefold to 
2,ooofo1d) may with tolerable approximation be put into a rather 
simple mathematical formula. I call: 

t the time in minutes counting from one minute before the 
end of the learning, 

b the saving of work evident in relearning, the equivalent of 
the amount remembered from the first learning expressed in per- 
centage of the time necessary for this first learning, 
e and h t^vo constants to be defined presently 
Then the follow’ing formula may be \yritten: 

100 k 

b= 

{\ 0 gty-'rk 

By using common logarithms and with merely approximate 
estimates, not involving exact calculation by the method of least 
squares, 

^ = 1.84 
1.25 
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Then the results are as follows : 


< 



J 

20 

SS.2 

57.0 

+ 1.2 

64 

44 2 

46.7 

— 2.5 

526 

35.8 

I 34.5 

+ 1.3 

1440 

.33.7 

30.4 

+ 3.3 

2x1440 

27.8 

2S 1 

— 0 3 

6x1440 

23 4 

24.9 

+ 05 

31x1440 

21.1 

21.2 

— 0 1 


The deviations of the calculated values from the observed 
values surpass the probable limits of error only at the second 
and fourth values. With regard to the latter I have already 
expressed the conjecture that the test might have given here too 
large a value ; the second suffers from an uncertainty concerning 
the correction made. By the determination made for t, the 
formula has the advantage that it is valid for the moment in 
which the learning ceases and that it gives correctly b^ico. 
In the moment when the series can just be redted, the relearning, 
of course, requires no time, so that the saving is equal to the 
work expended. 

Solving the formula for k we have 

b{\ozty 



100 — h 

This expression, 100 — b the complement of the work saved, is 
nothing other than the work required for relearning, the equiva- 
lent of the amount forgotten from the 6 rst learning. Calling this, 

V, the following simple relation results : 

b k 


V (log/)* 

To express it in words: when nonsense series of 13 syllables 
each were memorised and relearned after different intervals, the 
quotients of the work saved and the work required w'cre about 
inversely proportional to a small power of the logarithm of those 
intervals of time. To express it more^briefly and less accurately; 
the quotients of the amounts retained and the amounts forgotten 
were inversely as the logarithms of the times. 
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Of course this statement and the formula upon which it rests 
have here no other value than that of a shorthand statement of 
the above results whiclt have been found but once and under 
the drcumstances described. Wliether they possess a more gen- 
eral significance so that, under other circumstances or with other 
individuals, they might find expression in other constants I can- 
not at the present time say. 

. Section 30. Control Tests 
At any rate, even though only for my own case, I can to a 
certain extent give support to two of the values mentioned by 
tests which were made at other periods. 

From a period even further back than that of the investigations 
above mentioned I possess several tests with series of ten syllables, 
fifteen series composing one test. The series were first memorised 
and then, at <311 average of 18 minutes after the first learning, 
each series was relearned. Six tests had the following results 


L 

LW 

Jt 

Q’ 

&48 

436 

412 

57 5 

063 

m 

423 

50 0 

021 

454 

467 


870 

444 

435 


912 

443 

469 


821 

461 


51 6 

m = S01 

462 






PEm^l 


* The time aubtracted frcMO the L n-hea calculating the Q for two repro- 
ductiona of 15 senea la 123 seconds. ^ 


NVhen relearning series of ten syllables each, i8 minutes after 
the first memorisation, 56 per cent of the work originally ex- 
pended was therefore saved. The number agrees satisfactorily 
with the one found above (p. 68 ) for the relearning of 
series of syllables of 13 syllables each after 19 minutes, 58 per 
cent. Also the fact that the latter, notwithstanding the longer 
interval, is still a little greater, harmonises completely, as will 
be seen, with the results of the next diapter. According’ to them 
shorter series, when memorised, are forgotten a little more quickly 
than longer ones. ^ ^ 
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From the period of 1883-&4, I have seven tests, consisting of 
nine series of 12 syllables each that were relearned 24 hours after 
the first memorisation, TTie folloiving results were obtained: 



LW 

4 

Q 


508 

2S3 

37.9 


622 

228 

32.3 


533 

378 

43.6 


494 

231 

33.9 


593 

190 

27.1 


5S5 

294 

35.2 

GS9 

535 

154 

23.9 

m 790 

539 

251 

33 4 




PEnj=1.7 


The after-effect of the first memorisation still noticeable after 
24 hours, was here equivalent to a saving of work of 334 per cent 
of the first e.Tpenditure. This number also agrees satisfactorily 
with the one communicated above for the relearning of series 
of 13 syllables' each after 24 hours (33.7 per cent), although 
these two were obtained at far separated time-periods and in the 
course of widely different investigations. 










CHAPTER ^HII 


RETENTION AS A FUNCTION OF REPEATED 
LEARNING 

Section 31. Siaiemeut of the Problem and the Investigation 
Series of syllables whirii have been learned by heart, forgotten, 
and learned anew must be similar as to their inner conditions 
at the times when they can be recited. The energy of the idea- 
tional activity which is directed upon them and which serves to 
establish them is in both cases so far heightened that quite similar 
combinations •of movements occur in connection with them. For 
the period after the recital this inner similarity ceases. The series 
are gradually forgotten, but — as is sufficiently well kno^vn— ffie 
series which have been learned twice fade away much more 
slowly than those which have been learned but once. If the re- 
learning is performed a second, a third or a greater number of 
times, ffie series are more deeply engraved and fade out less 
easily and finally, as one w'ould anticipate, they become pos- 
sessions of the soul as constantly available as other image-series 
which may be meaningful and useful. 

I have attempted to obtain numerical data on the relation of 
dependence which exists between the permanence of retention 
of a series and the number of times it has been brought, by 
means of renewed learning, to a just possible reproduction. The 
relation is quite similar to that described in Chapter as exist- 
ing between tlie surety of the series and the number of its repe- 
titions. In the present case, however, the repetitions do not take 
place all at once, but at separate times and in ever decreasing 
frequenc)’. On account of our limited insight into the inner 
connection of these processes we would not be justified in ventur- 
ing an assertion about one relation on the basis of the other. 

Only one value of the time interval between the separate re- 
leamings was chosen, namely, 24 hours. Instead of changing 
intervals, series of different lengths were chosen for the investi- 
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gation, the lengths being 12, 24 and 36 syllables. A single test 
consisted of nine series of the first length, or three of the second, 
or two of the third. In addition to this J carried out several 
tests with six stanzas of Byron’s “ Don Juan.” 

The plan of the experiment tvas, then, as follows : The required 
number of series was first learned and then, at the same hour 
on successive days, it was relearned to the point of first possible 
reproduction. In the case of the series of syllables, the number 
of days was six; in the case of Byron’s stanzas, it was only four. 
Tlius, on the fifth day, the stanzas were correctly repeated 
without any preliminary reproduction and the problem, accord- 
ingly, no longer existed. For each kind of series, seven trials 
were employed. The total number of separate tests was, in con- 
sequence, 154, a number of which required only a few minutes 
for their execution. 

The entries of the following tables indicate the repetitions 
which were necessary In order to bring the series concerned to 
the first possible reproduction (including this) ; the Roman fig- 
ures designate the successive days. 


1. Nice senes of 12 syllables earli. 


I 

JI 

in 

IV 

V 

VI . 

les 

102 

71 

50 

3S 

/ SO 

151 

107 

74 

42 

1 34 

30 

175 

, 105 

frl 

60 

1 36 

33 

149 

102 

72 

54 

35 

1 28 


124 

69 

61 

35 

31 

173 

117 

86 

64 

42 

37 

138 

106 

1 

59 

37 

30 

CT 15S 

1 109 

75 

56 

37 

31 

P.E.O 3 4 



2 

0 7 

0 7 


2. Three series of 24 Syllables each. 
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3. Tp.'o Beries of 36 Byllatlea eadi. 


I « 

n 

III 

IV 

V 

VI 

115 

62 

23 

18 

9 

8 

124 

59 

33 

21 

12 

10 

137 

55 

26 

17 

12 

8 

109 

4S 

21 

IG 

10 

10 

87 

39 

21 

15 

13 

8 

105 

40 

22 

17 

12 

10 

110 

41 

21 1 

16 

10 

11 

m 112 

4S 

24 ' 

17 

11 

9 

P.Em4 


1 1 

0 5 

0 4 

0 3 


4. Six stanjaa of Byron's “Doti iunn'' (Ca&to X). 


I 


111 

IV 

53 

29 

18 

11 

56 

29 

16 

10 

63 

30 

]6 

10 

49 

25 

14 

9 

53 

27 

16 

10 

53 

34 

21 

9 

50 

28 

17 

10 

m 62 


17 

10 

l*.£.ntU.6 

0 7 

0 6 

0 2 


In order to bring out more dearly the separate relations which 
exist between the resulting averages, it is necessary to reduce 
the total figures to the same unit — i.e., to divide them in each case 
by the number of series constituting a single trial. If this is 
done and the repetition necessary for the recital is deducted, the 
following table results, fractions being given to the nearest half 
or quarter. 


Number of ivpelitioM which, on the average, ' 
necessarr for the tare learmng of the series on 
cessive days 



I 

n 

lit 

IV 

1 

VI 

12 

16 5 

11 

7 6 

5 

1 3 

2.5 

24 

44. 

22 5 

12 S 


4.5 


3G 

55 

23. 

11 

7 5 

4 5 


1 stanza D. J. 

7 75 

3 75 

1 75 

0 5 

(0) 

(0). 


From several points of view these numbers require further 
consideration. 
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Section 23. Influence of the Length of the Scries 
If the results for the first and second days are examined, wel- 
come, though not surprising, supplementary data on the relation 
of dependence presented in Giapter V is obtained. In the 
former chapter, it was shown that, as the length of the series 
increased, the number of repetitions requisite increased very 
rapidly. Here, the result is tliat the effect of this need of more 
numerous repetitions in tlie cases investigated consists not merely 
in making the series just reproducible, but also in the finner 
establishment of the longer series. After an inter^'al of 24 liours 
they could be relearned to the point of being just reproducible 
with a saving both absolutely and relatively greater than with the 
shorter series. 

The following table makes this relation clear. 


Nurobet of 
eyllablea In 
one senes 

Number ol 
repetitions 
for learning 

Saving in repeli- 
tioDS in relearning 
after 24 hours 

Saving in % of 
requirement for 
first learning 

13 

16 5 

5 6 1 

33.3 

24 

44 

21.6 

4S.9 

36 

66 

32 

6S 2 


The saving in the case of the shortest of the series investigated 
is one third for the second learning as compared with the first ; 
while W’ith the longest series, it is six tenths. It can be said, 
therefore, that by being learned to the first possible reproduction 
the series of 36 syllables is approximately twice as firmly estab- 
lished as the series of 13 syllables. 

In this there is nothing new. On the basis of the familiar 
experience that that which is learned with difficulty is better 
retained, it would have been safe to prophesy such an effect 
from the greater number of repetitions. That which probably 
would not have been antidpated and which also demands atten- 
tion, is the more definite determination of this general relation. 
So far as the numbers go, they seem to show that, between the 
increase of the repetitions necessarj* for the first learning and 
the inner stability of the series effected by them, there is no 
proportionality. Neither the absolute nor the relative saving of 
work advances in the same way as the number of repetitions; 
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the former advance mudi faster and the latter noticeably more 
slowly. It cannot, therefore, be said in any exact sense of the 
words that the more frequently a series needs to be repeated 
to-day in order to be learned hy heart the more rqietitions will 
be saved in its reproduction after 24 hours. The relation in 
force seems to be much more complicated and its exact deter- 
mination would require more extensive investigations. 

The relation of repetitions for learning and for repeating 
English stanzas needs no amplification. These were learned by 
heart on the first day with less than half of the repetitions neces- 
sary for the shortest of the syllable series. They acquired 
thereby so great stability that for their reproduction on the next 
day proportionally no more work was needed than for the series 
of 24 syllables — i.e., about half of the first e.xpenditure. 

Section yj. Infittcnce of Repeated Learning 

We will now take into consideration the results for the suc- 
cessive days taken as a whole. On each day the average number 
of repetitions necessary' for the committing of a given series 
is less than on the preceding day. With the longer series, in 
whose case the first output of energy is great, tlie decrease In 
the amount of work each time necessary to reach the first pos- 
sible reproduction is proportionally rapid. With the shorter 
series, where the first output is small, the decrease is propor- 
tionally slow. On this account the numbers of repetitions neces- 
sary for the different series approach each other more and more. 
With die series of 24 and 36 syllables this is apparent e^•en from 
the second day ; from the fourth day on, the numbers fall abso- 
lutely together. And by the fifth day they have approached very 
closely to the number of repetitions still necessary, in accordance 
with the slower decrease, for the learning of the 12-syllable 
series. 

A simple conformity to Jaw cannot be discovered in this 
successively decreasing necessity for uxjrk. The quotients of 
the necessary repetitions on two successive days approach unity. 

If the final repetition were not subtracted, as was done in the 
concluding table of Section 31, but were reckoned in, this ap- 
proach would be somewhat faster. (In the case of the English 
stanzas it generally takes place only under these conditions.) 
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N’evertheless the course of the numbers cannot be described by 
a simple formula. 

Rather is this the case if one takes into consideration, not 
the gradually decreasing necessity for work, but the just as 
gradually decreasing saving of woric. 


No. 

Number of 
syllabi ea 
in one eerier 

Number of repetitions saved on learning 
the following day; average vaJues 

a series on 

i-n 


1 IIMV 1 

I\'-V 

j v-vi 

1 

12 

5.5 1 

1 3.5 1 

2.5 



2 i 

24 

21.5 j 


sol 



3 

38 

32.0 

1 12.0 

1 3.S 



4 

1 stanza D. J. 

4.0 

1 20 

1 1.25 

o.= 1 



Of these numerical sequences two— -namely, the second and 
fourth rows — form with great approximation a decreasing 
geometrical progression wth the exponent 0.5. Very slight 
changes in the numbers would be sufficient fuUy to bring out 
this conformity. By slight changes, the hrst row might also 
be transformed into a geometrical progression with the exponent 
0.6. On the contrary, a large error in the results of investiga- 
tion would need to be assumed in order to get out of Row j 
any such geometric progression (whose exponent would then be 
about one third). 

If not for all, yet for most, of the residts found, the rela- 
tion can be formulated as follows; If series of nonsense 
syllables or verses of a poem are on several successive days 
each time learned by heart to the point of the first possible 
reproduction, the successive dififerences in the repetitions neces- 
sary for this form approximately a decreasing geometrical pro- 
gression. In the case of syllable-series of different lengths, the 
exponents of these progressions were smaller for the longer 
series and larger for the shorter ones. 

Although the tests just described were individually not more 
protracted than the others, yet relatively they required many 
days, and the average values were consequently derived from 
a rather small number of observations. So here, even more 
than elsewhere. I am unable to affirm that the simple conformity 
to law approximately realised in the results so far obtained would 
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stand the test of repetition or wider extension of researcli. I 
content myself by calling attention to it without emphasis. 

Section 24 ’ Influence of the Separate Repetitions 
The problem of the present chapter is, as has already been 
pointed out, closely related to that of Chapter VI. In both 
cases the investigation concerns the influence of an increasing 
number of repetitions on the fixation of the series of syllables, 
a fixation made increasingly stronger thereby. In the former 
case the total number of repetitions immediately succeeded each 
other without regard to whether the spontaneous reproduction of 
the series \vas obtained through them or to how it was obtained. 
In this case the repetitions were distributed over several days and 
the attainment of the first possible reproduction was employed 
for their apportionment on the separate days. If, now, the 
results obtained in both cases have, at least for my own per- 
sonality, any wder validity, we should expect that in so far 
as they are comparable, they would harmonise. That is, we 
should expect in this case as in the former tliat the effect of 
the later repetitions (therefore, those of the and, 3rd. and later 
days), would at first be approximately as great as that of the 
earlier, and later would decrease more and more. 

A more exact comparison is in the nature of the case not now 
possible. In the first place, the series of Chapter VI and the 
present ones are of different length. In the second place, the 
detailed ascertainment of the effect of the repetitions of the 
succssive days taken solely by themselves would be possible only 
through assumptions which might be plausible enough on the 
■ basis of the data presented, but which would be easily contro- 
■vertible on account of the insecurity of these data 

We found, for example, that nine iz-syllable series were 
learned on six successive days by means of 158. *09- 7S> 5^. 37 
and 31 repetitions. The effect of the first 158 repetitions is 
here immediately given in the 109 repetitions of the succeeding 
day in the difference, 15S — 109. But if we wish to know ^e 
intrinsic effect of these 109 repetitions, namely the saving 
effected by them, on the third daj’. wc could not simply ti^e 
the difference, 109 — 75. We should need to know, rather, with 
how many repetitions (x) the series would have been learned 
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on the third day if no repetitions had occurred on the second, 
and we should tlicn have in the diflcrence, x — 73, tlie separate 
effect of the 109 repetition? actually given. Since the forgetting 
incrc-ascd somcvsliat from*thc second to the third day, x ^\ouId 
be somcuhat greater than 109. In the same way, for the deter* 
minalion of the effect of the 75 repetitions of the tliird day, 
\YC should need to leam in some way or other with how many 
repetitions (y), the scries would have been learned by heart on 
the fourth day wliich, on the first day, required 158; and on 
the second, 109. Tlic difference, y—s 6 , would then give the 
measure of Uiat effect; and so on. For the ascertainment of 
X, the results of Chapter Vlf give a certain basis, Tlierc the 
result was that, in the case of 13-syllabIe scries, the amount 
forgotten at the end of 24 hours was to that forgotten at the 
end of 2x2.; hours as 66 to 72, But the cmploj’mcnt of this 
relation, itself insecure, tvould be justifiable only in case of the 
la-syllable series, and would accordingly not help in the deter* 
minatlon of y, etc. One could at the best suppose that, the 
resulting quotients would approximate yet more closely to unity. 

Accordingly I renounce these uncertain assumptions, and con* 
tent myself with presenting the relations of the successive repe- 
titions to the successive savings by showing that the presupposed 
pure effect of the separate repetitions would be represented by 
somewhat greater and presumably less divergent numbers. 


Xiimber of 
nylLAbte^ of 
each Krieo 

TIic foftowioR MVioc» a/tfr 21 boats mvJted frvn etch 
lepctilion on the fcpamie day* (ia fReiiotig of their 
onn Yalue) y 

I 

It 

1 

IV 

L ' 

12 

0 31 

0 31 

0 25 

0 34 1 


24 

0 47 

0.44 


0 32 


20 

0 57 

0 50 


0 35 

0 IS 


Although the course of these figures, which are, as has been 
said, inexact as to their absolute \-aIues, is tolerably regular in 
the case of the 24-syllable series only, its general character agrees 
very w'cll with what would be expected from the results of 
Chapter IV. The effect of the repetitions is at first approxi- 
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mately constant, the saving in work which results from these 
repetitions increases accordingly for a while proportional to 
their number. Gradually the effect becomes less ; and finally, 
when the series has become so firmly fixed that it can be repeated 
almost spontaneously after 24 hours, the effect is shown to be 
decidedly less. The results of the fourth and the present chap- 
ter, as far as can be seen, support each other. 

Nevertheless, there is a noteworthy distinction to which I call 
attention. We found above (p. 60) that six 12-syllable series, 
which had been learned at a given time with an average of 410 
repetitions, could be learned by heart at the end of 24 hours with, 
on the average, 41 repetitions. For a single 12-syllabIe series, 
■accordingly, 68 immediately successive repetitions had the effect 
of making possible an errorless recital on tlie following day after 
7 repetitions. In the present research with distribution of the 
repetitions over several days tire same effect appears on the 
fourth day: 9 12-syllable series were learned by heart with 56 
repetitions. Each series, therefore, was learned with about 6 
repetitions. But the number of repetitions whicli were neces- 
sary for the production of this effect in the case of the nine 
series amounted to only 158 +109 + 73 = 342- For a single 
series, therefore, the number was 38. For the relearning of a 
12-syllable series at a definite time, accordingly, 38 repetitions, 
distributed in a certain way over the three preceding days, had 
just as favorable an effect as 65 repetitions made on the day 
just previous. Even if one makes very great concessions to the 
uncertainty of numbers based on so fe%v researches, the differ- 
ence is large enough to be significant. It makes the assumption 
probable that wif/i any considerate number of repetitions a suit- 
able distribution of them over a space of time is decidedly more 
advantageous than the massing of them at a single time. 

With this result, found here for only very limited conditions, 
the method naturally employed in practice agrees. The school- 
boy doesn't force himself to learn his vocabularies and rules alto- 
gether at night, but knows that he roust impress them again in 
the morning A teacher distributes his class lesson not indif- 
ferently over the period at his disposal but reserves in advance 
a part of it for one or more reviews. 



CHAPTER IX 


RETENTION AS A FUNCTION OF THE ORDER OF 
SUCCESSION OF THE MEIIDERS OF THE SERIES 

“Ilow (xld are connrctioni 
Oi bucnao thi>ushu ohlch in their fl^ht " 

Section 3$. Assochtion according to Temporal Sequence and Us 
Explanation 

I shall now discuss a group of investigations made for the 
purpose of finding out the conditions of association. Tlie results 
of these investigations arc, U seems to me, theorcticall/ of 
especial interest. 

The non*voluntaf}* re^mcrgcnce of mental images out of the 
darkness of mcmor>' into the light of consciousness takes place, 
as has already been mentioned, not at random and accidentally, 
but in certain regular forms in accordance with the so-called laws 
of association. General knowledge concerning these laws is as 
old as psychology itself, but on the other hand a more precise 
formulation of them has remained — characteristically enough— 
a matter of dispute up to the very present. Every new' presen- 
tation starts out with a reinterpretation of the contents of a few 
lines from Aristotle, and according to the condition of our knowl- 
edge it is necessary so to do 

Of these " Laws," now — if, in accordance with usage and it 
is to be hoped in anticipation of the future, the use of so lo{t>' 
a term is permitted in connection with formulae of so vague a 
character— of these laws, I say, there is one which has never 
been disputed or doubted. It is usually formulated as follows : 
Ideas which have been developed sinroltaneously or in immediate 
succession in the same mind mutually reproduce each other, and 
do this with greater ease In the direction of the original suc- 
cession and with a certainty proportional to the frequency with 
which they were together. 

90 
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This form of non-\*oluntary reproduction is one of the best 
verified and most abundantly established facts in the whole realm 
of mental events. It permeates inseparably every iorm of repro- 
duction, even the so-called voluntary form. The function of the 
conscious will, for example, in all the numerous reproductions 
of the syllable-series whicli we have come to know, is limited 
to the general purpose of reproduction and to laying hold of the 
first member of the series. Tlic remaining members follow auto- 
matically, so to speak, and thereby fulfill the law that things 
\shich have occurred together in a given series arc reproduced 
in the same order. 

However, the mere recognition of these evident facts has 
naturally not been satisfjnng and the attempt has been made 
to penetrate into the inner mechanism of whicli they are the 
result. If for a moment \\c try to follow up this speculation 
concerning the IF/o'i before we have gone more than two steps 
we are lost in obscurities and bump up against the limits of our 
know ledge of the //ou'. 

It is customar)' to appeal for the explanation of this form of 
association to the nature of the soul. Mental events, it is said, 
are not passive happenings but the acts of a subject. What is 
more natural than that this unitary being should bind together 
in a definite way the contents of hts acts, themselves also unified^ 
Whatever is experienced simultaneously or in immediate suc- 
cession is conceived in one act of consciousness and by that 
veiy means its elements are united and the union is naturally 
stronger in proportion to the number of times they are entivined 
by this bond of conscious unity. Whenever, now, by any chance 
one part only of such a related complex is revived, what else 
can it do than to attract to itself the remaining parts? 

But this conception does not explain as much as it was intended 
to do. For the remaining parts of the complex are not merely 
drawTi forth but they respond to the pull in an altogether definite 
direction. If the partial contents are united simply by the fact 
of their membership in a single conscious act and accordingly 
all in a similar fashion, how does it come about that a sequence 
of partial contents returns in precisely the same order and not 
in any chance combination? In order to make this intelligible, 
one can proceed in two ways. 
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In the first place it can be said that the connection of the 
things present simultaneously in a single conscious act is made 
from each member to its immediate successor but not to mem- 
bers further distant. This connection is in some way inhibited 
by the presence of intermediate members, but not by the inter- 
position of pauses, provided that the beginning and end of the 
pause can be grasped in one act of consciousness. Thereby return 
is made to the facts, but the advantage which the whole plausible 
appeal to the unitary act of consdousness offered is silently 
abandoned. For, however much contention there may be over 
the number bf ideas which a single conscious act may compre- 
hend, it is quite certain that, if not always, at least in most 
cases, we indude more than two mendaers of a series in any one 
conscious act. If use is made of one feature of the explanation, 
the characteristic of unl^’, as a welcome factor, the other sidci 
the manifoldness of the members, must be reckoned with, and 
the right of representation must not be denied it on assumed 
but unstatable grounds. Otherwise, we have only said,— and 
it is possible that we will have to be content with that — that it 
is so because there are reasons for its being so. ' 

There is, consequently, the temptation to use this second form 
of statement. The ideas which are conceived in one act of con* 
sdousness are, it is true, all bound together, but not in the same 
>vay. The strength of the union is, rather, a decreasing function 
of the time or of the number of intervening members. It is 
therefore smaller in proportion as the interval which separates 
the individual members is greater. Let a, b, r, d be a series 
which has been presented in a single conscious act, then the con- 
nection of a with 6 is stronger than that of a with the later c; 
and the latter again is stronger than that with d. If a is in any 
way reproduced, it brings with it b and c and d, but b. which is 
bound to it more dosely, must arise more easily and quickly than 
c, which is dosely bound to b, etc. The scries must therefore 
reappear in consdousness in its original form although all the 
members of it are connected with each other. 

Such a view as this has been logically worked out by Herbart. 

He secs the basis of the connection of immediately successive 
ideas not directly in the unity of the conscious act, but in some- 
thing similar: opposed ideas w'hicb are forced together in a 
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however, never runs badnvards, an anagram Is never formed out 
of a well understood word without voluntary effort/'* 

According to this conception, therefore, the associative threads, 
which hold together a remembered series, are spun not merely 
between each member and its immediate successor, but be>'ond 
intervening members to every member which stands to it in any 
close temporal relation. The strength of the threads varies with 
the distance of the members, but even the \seaker of them must 
be considered as relatively of considerable significance. 

The acceptance or rejection of this conception is clearly of 
great importance for our view of the inner connection of mental 
events, of the richness and comple.xitj' of their groupings and 
organisation. But it is clearly quite idle to contend about the 
matter if observation is limited to conscious mental life, to the 
registration of that which whirls around by chance on the surface 
of the sea of life. 

For, according to the hj-pothesis, the threads which connect 
one member to its immediate successor although not the only 
one spun, are, howe^•er, stronger than the others. Consequently, 
they are, in general, as far as appearances in consdousness are 
concerned, the important ones, and so the only ones to be 
observed. 

On the other hand, the tqetfaods which lie at the basis of the 
researches already described permit the discovery of connections 
of even less strength This is done by artifidally strengthening 
these connections until the>- reach a definite and uniform level of 
reprodudbility. I have, therefore, carried on according to this 
method a rather large number of researches to test experimentally 

*Herbart, Lehrb. r. Psychol, Sect. 29. A similar “pleasing” viw, 
as he calls it, was developed Loire, Rfetaphysik (1879) p. S^T. 
the modification that be attempts to elinuaate the notion of varying 
strength of the ideas, which View he rejects. In accordance with the 
view mentioned first above, be sees the real reason for a faithful repto- 
doction of a series of ideas in the fact that assoaation is made only 
from one Jink to the following link. Accordingly, he leaches, in his 
Lectures on Psychology (p 23), “Any two ideas, regardless of con- 
tent are associated when they are prodttccd e.ther simtdtaoeously or 
in immediate succession — ie, wiUiont an inter v ening link. And upon 
this can be based without farther artifice the special case with which 
we reproduce a series of ideas in their proper order but not out of 
that order. By "farther artifice" he seems to mean Herhart^s attempt 
at an arrangement 
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in the field of the syUablc>scries the question at issue, and to 
trace an eventual dependence of the strcngtlj of the association 
upon the sequence of the members of the series appearing in suc- 
cession in consciousness. 


Section jd. Methods of Investigation of Actual Behavior 
Researches w ere again carried out « Ith six series of 16-sylIabJes 
each. For greater clearness the series arc designated with Roman 
numbers and the separate syllables with Arabic. A syllable group 
of the following form constituted, then, each time the material 
for researcli: 


n:j) MfinnciM 

If I learn such a group, each scries by itself, so that it can be 
repeated w ithout error, and 24 hours later repeat it in the same 
sequence and to the same point of mastery, then the fatter repe- 
tition is possible in about two thirds of tlie time necessary for 
the first.^ The resulting saring in work of one third clearly 
measures the strength of the association formed during the first 
learning between one member and its immediate successor. 

Let us suppose now that the scries are not repeated tn pre- 
cisely the same order in which they were learned. The syllables 
learned in the order I(j) 1(2) 1(3) - • • I(*S) I(i6) 

may for example be repeated in the order I(i) 1(3) 1(5) 

*r haie cm to present a /ew tests »ilh senes of 16 s/lJables 

each from which this number wss obtained, because the results of the 
sixth chapter sufSaentlr coser this point. There (p 53), we saw 
that six senes of 16 nllabies each, each senes being repeated 32 rimes, 
coufd be memorised after 24 boors in an average of S63 seconds. 33 
repetitions are. on an average, just ncees'ary to bring about the first 
possible reprt^uction of senes of 16 ssHables each. Considering the 
close proportion which exists between the numtyr of repetitions on a 
gis'en day and the sas-ing of work on the next, it cannot much matter 
whether the series were repeated, eadi « times, or were memorised 
each to the first possible reproduction Since the latter requires about 
7,270 seconds, the work of tepe^tioo on the fcJlowing day amoants, 
as stated above, to about two thirds of this time. The relative saving 
when l&-syllab!e senes are relearned after 24 hours, is. therefore scarcely 
different from that found for senes of 12 and 13 syllables fChapters 
Vir and VIII), while it gradoalfy mcrca«e$ for stilf greater length of 
series. 
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however never runs backwards, an anagram is never formed cut 
of a weil understood word without voluntary effort.- 
Acrordrng to this conception, therefore, the associative threads, 
which hold together a rememhered series, are spun not merely 
between each member and its immediate successor, but beyond 
mten emng members to every member which stands to it in any 
close t^poral rdation. The strength of the threads varies with 
e distance of the members, but even the weaker of them must 
be considered as relatively of eonsidemble significance. 

the acceptance or rejection of this conception is clearly of 
great imiwrtance for our view of the inner connection of mental 
events, of the richness and complexity of their groupings and 
organisation. But it is dearly quite idle to contend about the 
er 1 obser\*ation is limited to cousrious mental life, to the 
tvhich whirls around by chance on the surface 

of the sea of life. 
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one spun, are, however, stronger than the others. Consequently, 

^ are, m general, as far as appearances in consdousness are 
irnportant ones, and so the only ones to be 

On the other hand, the rqethods which lie at the basis of the 
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in the field of the syllahlc-scrics the question at issue, and to 
trace an eventual dependence of the strength of the association 
upon the sequence of the members of the scries appearing in suc- 
cession in consciousness. 


Section jd. Methods of of Actual Behavior 

Researches were again carried out wdth six series of 16-syllables 
each. For greater clearness the series are designated with Roman 
numbers and the separate syllables with Arabic- A syllabic group 
of the following fonn constituted, then, each time the material 
for research : 

Jfii In ifji • ni5) 1(18) 

lUiMintU) :: : lumnael 


ttd) 


nCIS) 17(18) 


If I learn such a group, each series by itself, so that it can be 
repeated without error, and 24 hours later repeat it in the same 
sequence and to the same point of masterj’, then the latter repe- 
tition is possible in about two thirds of the time necessary for 
the first-' Tlie resulting saving in work of one third clearly 
measures the strength of the association formed during the first 
learning between one member and its immediate successor. 

Let us suppose now that the series are not repeated in pre- 
cisely the same order in which they were learned. The syllables 
learned in the order I(i) 1(2) 1(3) • ^^^5) I(*®) 

may for example be repeated in the order I(l) 1(3) 1(5) 


M ha^e omillcd to present a few tests with senes of syllables 
each from which this number was obUincd. because the results 0 
sixth chapter sufTiciently cover this point There (p SS), 
that six series of j6 syllables each, each senes being repeated 32 Umts. 
could be memorised after 24 hours in an average of 863 sewnds ^ 
repetitions arc. on an average, just necessa^ to bring about the first 
possible reproduction of senes of 16 syllables each C:onsidering the 
close proportion which exists between the number of reP«Utions o 
Riven day and the saving of work on the next, it cannot matter 

whether the scries were repealed, each 32 times, or were rnetnorised 
each to the first possible re^duction Sin« the latter reQU'"* 

1.270 seconds, thrwork of re^ition on the saving 

as Slated above, to about two thirds of this time The relative saving 
when i6^yllable series are relearned after 24 hoys, is, 
different from that found for series of 12 and 13 syllables (Chap 
VII and VIII), while it gradually increases for still greater length of 
series. 
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the derived series suffer from an inequality inherent in the nature 
of the experiment. 

In the course of the experiment the skipping of more than 7 
syllables was shown to be desirable, but I refrained from carry- 
ing that out. The investigations with the six 16-syllabIe series 
were carried quite far; and if series had been constructed using 
greater intervals, the breaks above mentioned would have had 
too much dominance. The derived series then contained ever 
fewer syllable-sequences for which an association was possible 
on the basis of the learning of the original arrangement; they 
were ever thus more incomparable. 

The investigations were carried on as follows : — Each time the 
six series were learned in the original order and then 24 hours 
later in the derived and the times required were compared. On 
account of the limitation of the series to those described above 
the results are, under certain circumstances, open to a serious 
objection. Let it be supposed that the result is that the derived 
series are actually learned with a certain saving of time, then 
this saving is not necessarily due to the supposed cause, an asso- 
ciation between syllables not immediately adjacent. The argu- 
ment might, rather, run as follows. The syllables which are 
first learned in one order and after 24 hours in another are in 
both cases the same syllables. By means of the first learning 
the>' are impressed not merely in their definite. order but also 
purely as individual syllables; with repetition they become to 
some extent familiar, at least more familiar than other syllables, 
which bad not been learned just before. Moreover the new 
series have in part the same initial and final members as the 
old. Therefore, if they are learned in somewhat less time than 
the first series required, it is not to be wondered at The basis 
of this does not necessarily lie in the artificial and systematic 
change of the arrangement, but it possibly rests merely on the 
identit)' of the sj’Uables. If these were repeated on the second 
day in 3 new arrangement made entirely by chance they would 
probably show equally a saving in work. 

In consideration of this objection and for the control of the 
remaining results I have introdneed a further, the fifth, kind of 
derived series. The initial and final syllables of the original 
rics were left in their places. The remaining 84 syllables, inter- 
^^ediates '^ere shaken up together and then, after chance 
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drawing, were employed in Uie construction of new series between 
the original initial and final scries. As a result of the learning 
of the original and derived series there must in this case also 
be revealed how much of the saving in work is to be ascribed 
merely to tlie identity of the syllable masses and to the identity 
of the initial and final members of the separate series. 

Sccliott'^y, Results. Associations of Indirect Seqiie7ice 
For eacli group of original and derived series ii double tests 
were instituted, 55 therefore in all. These were distributed 
irregularly over about 9 months. The results were as follows : 


1) With derivation of the series by skipping one intermediate syllable. 


The original series were 
learDM in x seconds 


The eorttsfwnding de- 
Irived senes, in y seconds 


, The latter, therefore, 
mitb a saving of z seconds 


11S7 

1220 

1139 

1428 

127U 

1245 

1300 

1254 

1335 

126G 

1259 


1095 

1142 

1107 

1123 

1155 

losr. 

1013 

1191 

1128 

1153 

1141 
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' . ’ 1 ( 2 ) 1(4) 1 ( 6 ) . . , I(i6), and there- 

imming senw wi'th a similar transformation. Tliere will first 
nr, accordingly, a set composed of all the syllables originally in 
e o p aces and then a set of those originally in the even 
places the second set immediately following the first. The new 
l^syllahle senes, thus resulting, is then learned by heart. What 
w appen . Every member of the transformed series was, in 
e onginal series, separated from its present immediate neighbor 
by an.intervraing member with the exception of the middle term 
® break. If these intervening members are actual 
obstructions to the associative connection, then the transformed 
senes are as good as entirely unknown. In spite of the former 
learning of the series in the original sequence, no saving in work 
should be expected in the repetition of the transformed scries. 

1 on the other hand in the first learning threads of assoriation 
are spun not merely from each member to its immediate suc- 
CKsor but also oyer intervening members to more distant syllables, 
ere would^ exist, already formed, certain predispositions for 
e new series. The syllables now in succession have already 
been bound together secretly with threads of a certain strength. 

In the iMrning of such a series it wiU be rescaled that noticeably 
ess work js required than for the learning of an altogether new 
senes. The work, however, will be greater than in relearning 
a given series in unchanged order. In this case, again, the saving 
m work wm constitute a measure of the strength of the asso- 
aations existing between two members separated by a third. 

If from the original arrangement of the syllables new series are 
ormed by the omission of 2, 3, or more intervening members, 
analogous considerations rcsulL The derived series will either 
e learned without any noticeable saving of work, or 3 certain 
saving of work will result, and this will be proportionally less 
as the number of intervening terms increases. 

On the basis of these considerations I undertook the following 
experiment. I constructed six series of 16 ^llables each with the 
latter arranged by chance. Out of each group a neiv one was 
then constructed also aimposed of six scries of 16 syllables each. 

These new groups were so formed that their adjacent S3'llables 
had been separated in the original series b>' cither r, or 2, or 3, 
or 7 inter\’ening syllables. 
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If the separate syllables are designated by the positions which 
they held in the original arrangement, the following scheme 
results: 


'If) ■ .via6) 


By using the same scheme the derived groups appear as follows : 


B/ Skfpiitnf I 6)nible 
.. .. I(IS) 1(2) l(«) KB) 
UllS> U(2) U(4> 1K6) . 


VI(IS) Vl(2) VK4> 


By Skipping } SyOaUc* 

nffi Kin un i(s) j<3) i(u> Kin lo) kb) ks) Jt»> k») 

ncl) »(« lUT) lUlB) 1U2) mS).. . . II(») IIC3) Ut6) . . II(JS) 


^f) VKIB) VK2) vi(» VJ(H) >1(3) >1(e) . >1(15) 

, By Skipping 3 SyOablc* 

11 h .VV »(»> •«> 10) KJl) Kin KO 1(8) 1(1J) 1(18) 

“«) IK2) 11(6) . . U(3) um Ud) 11(8) II(I6) 


,T1(I)V1(S) .... VKS) M(«) . VI(3) Vl(7) VK4) VK8) VKin 



''(D T(15) vk7)tki5) ks) kh) n(8)U(ini»(8)m(K) iv(5)iv(tB) vcn v(in vKsmcie) 


As a glance at this scheme will show, not all the neighboring 
syllables of the derived series were originally separated by the 
number of syllables designated. In some places in order to again 
o tain series of i6 syllables, greater jumps were made ; but in no 
^e was the interval less. Such places are, for example, in the 
which two syllables are skipped, the transitions from 
(t ) to 1(2) and from 1(14) to 1(3). In the series in which 
7 intermediates were Jumped, there are seven places where there 
Was no previous connection between successive syllables since 
fer question came from different series and the dif- 

™ senes, as has been often mentioned, were learned inde- 
^n mUy. The following is given in illustration: 1(9) II(i), 
^ etc. The number of these breaks varies with 

' ®*^t kinds of derivation, but in each case is the same 
e number of skipped syllables. On account of this difference, 
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tiraulnj;. were anployetl m ihc construction of new series between 
llic orijpnal initial anti final scries. As a result of tlic learning 
of tlic original and dcrhetl series tlierc must in this case also 
be rc^cal^! how much of the sas'ing in svork Is to be ascribed 
merely to the identity of the syllable mosses and to tlic identity 
of the Initial and final memJiers of the se/>arafe series. 

Sedicn ry. firsulU. Msochthns of Indirect Sequence 
For each grouji of original and derived series ti double tests 
'sere institutes!, 55 therefore in all. Tliese were distributed 
irregularly o'cr alwnt 9 months, Tlic results were as follows: 


I) With (trnraiidn of iln* •rnr* by JntfmxKJiate »ylUbli*. 











5) With denTStion of Ihe eerifs by wtaining the begumiug and end 
syllables and arrangipg the remainder by chance. 














Retention as a Ftmetion of Order of Succession loi 

To summarize the results: The new series formed by skipping 
1, 2, 3 and 7 intermediate members were learned witli an average 
saving of 152, 94, 78 and 42 seconds. In the case of the con- 
struction of a new series through a mere permutation of the 
syllables, there was an average saving of 12 seconds. 

In order to determine tire significance of these figures, it is 
necessarj* to compare them with the saving in work in my case 
in the relearning of an unchanged series after 24 hours. This 
amounted to about one third of tlie time necessary for the first 
learning in the case of 16-syIIable series, therefore about 420 
seconds. 

This number measures the strength of the connection existing 
between each member and its Immediate sequent, therefore the 
maximal effect of association under the conditions established. 
If this is taken as unity, then the strength of the connection of 
each member with the second following Is a generous third and 
with the third following is a scant fourth. 

The nature of the results obtained confirm— for myself and 
the cases investigated — the second conception given above and 
explained by means of a quotation from Herbart. With repeti- 
tion of the syllable series not only are the individual terms asso- 
ciated with their immediate sequents but connections are also 
established betwen each term and several of those which follow 
it beyond intervening members. To state it briefly, there seems 
to be an association not merely in direct but also m indirect suc- 
cession. The strength of these connections decreases with the 
number of the intervening numbers; with a small number it was, 
as will be admitted, of surprising and unanticipated magnitude. 

No evidence has been secured, however, establishing the facili- 
tation of the process of relearning a series by means of the identity 
of the syllables and the identity of tiie initial and final terms. 


Section Experiments with Exetusion of Knowledge 
J Jbjrberto xiot .slated the srsces oi Ibe xf-udJav 

in order to discuss their reliability more fully at this time. 

WTien I started upon the experiment I had no decided opinion 
in favor of the final results. I did not find facilitation of the 
learning of the derived series essentially more plausible than the 
opposite. As the numbers more and more bespoke the existei^q^,, 
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of sucli facilitation, it dawned upon me that this was the correct 
and natural thing. After what has been said above (p. 27^) 
one might think that in the case of the remaining experiments, 
this idea has possibly favored a more attentive and therefore 
quicker learning of the derived series, and so has, at least, 
decidedly strengthened the resulting saving in work, even if it 
has not caused it altogether. ' 

For the three largest of the numbers found,— consequently, for 
tlie facilitation of the work which took place in the case of the 
omission of i, 2, and 3 inten'ening syllables — this objection is of 
slight significance. For these are proportionately so large that 
it would he attributing too much to an involuntary heightening 
of a state of attention, voluntarily concentrated without this to 
the utmost, if an actual influence is ascribed to it here. More- 
over, the gradation of tlie numbers, derisively issuing as they do 
from the distribution of the Individual values and running parallel 
with the number of skipped intermediate terms, is inconceivable 
on any such hypothesis as this. For the supposed greater con- 
centration of the attention could clearly work only in general. 
How could it possibly bring about so regular a gradation of 
numbers in the case of tests which were separated from each 
other by weeks and months? 

The objection presented above could render doubtful only the 
fourth result, the proportionally slight saving in the learning of 
series formed from other series by skipping seven intermediate 
terms. 

Clearly in this case the exact determination of the difference 
is of especial interest because of the significant size of the interval 
over which an association took place. 

In the case of the present investigations there exists the pos- 
sibility of so arranging them that knowledge concerning the out- 
come of the gradually accimnilating results is excluded and so 
that consequently the disturbing influence of secret views and 
desires disappears. I have accordingly instituted a further group 
of 30 double tests in the following way as a control of the above 
results, and especially of the least certain of them. 

On the front side of a page were written six 16-syllable series 
selected by chance and on the reverse side of the same sheet six 
series formed from them by one of the methods of derivation 
described above (p. 97)- For each of the five transforma- 
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tions 6 j.Ucct5 were prtparctU Tire fronts anj backs of these 
eoiild l>c easily dislinpitishctl but not the sliccts themselves. Tlie 
thirty sheets were shufiletl together and then laid aside until 
any memory* as to the occurrence of the separate s)llablcs in 
definite transformations could lie considered as effaced. Tiicn 
the front side, and 24 hours later, the reverse side of a given 
sheet NYCTC Icamctl by heart. Tlic times necessary for learning the 
separate scries ucrc noted, but they svere not assembled and 
further elaborated until all 30 sheets had been completed. Fol- 
lowing are the numbers. 

1) With Orriratlnn of frn’*** lran.<«fonn«l Lj* »Upptn(j one iolenncdiafe 
iyUal)!*-. 
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4) ^nth derivation of the e^cs by skipping' eevcn intermediate Eyllab'es. 


The original ecriea were 
leannS in x eeconda 

The cornsponding de- 
rived rerics, in y reconils 

Tlie latter, therefore, 
n ith a saving of z seconds 



r= 

1191 ' 

1120 

71 

1191 

1185 

C 

1237 

1295 

—58 

1350 

1.30C 

44 

J30S 

'KCO 

■iS 

12S9 

1153 

\ 131 

m 1201 

1221 

40 


5) IVhh dcri^'ation of the eeries by retaining the first and last syllables 
in position and changing (he rest by chance. 


x— 



1305 1 

1180 

125 

1200 1 

120.1 


1310 

1426 

—116 

1163 

10S9 


1272 

I3S5 

—116 

1309 

' 1305 


m 12C1 

I26C 

—5 


By denvarion of the transformed series by skipping i, 2, 3, 7 
intermediate syllables, the derived series were therefore learned 
with an average saving of 110, 79, 64, 40 seconds. On tlie con- 
trary with derivation of the series by permutation of the syllables 
the learning required an average incrccse in expenditure of 5 
seconds. 

Taken as a whole, these last results e.’cactjy conBrm, as can 
be seen, the result that was obtained at the beginning. The num- 
ber of these experiments was proportionally small and, during 
the course of each experiment, there was complete exclusion of 
knowledge as to results. In spite of these facts and although 
the numbers, considered individually, seem to be distributed 
without regard to law, their gronping, when taken as a whole, is 
seen to be in conformity to a simple law. The fewer are tte 
intervening members which separate trvo syllables of a series 
which has been learned by heart, the less is the resistance offered 
by these separated syllables to their being learned in a new order. 
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And, in tijc sanjc way, the fewer arc these mtciwcning (enns, the 
ftrongcr arc !lic bonds ^^hicIl, as a result of llic learning of the 
original series, connect the two syllables across the intcr\’cning 
members. 

In addition to agreeing in their general course, the numbers for 
both groups of experiments also agree in the following respect. 
Tlic difference between the first and second numbers has the 
greatest value, and that between the second and third has the least 
value. On tlie other hand, it is surprising that, witli respect to 
their absolute size, the mimbers of the second group are through- 
out smaller than those of the first. Two causes may be brought 
forward in explanation of this hchavior, which, considering the 
conformity of the numbers, can scarcely be accidental. It may 
be tliat here is actually revealed that influence of expectation 
"hieh has already been mentioned. On the basis of this 
h>'potlicsi.«, the explanation of the fact that the numbers of 
the first group come out somewhat too large is that, in the 
course of the experiment, the existence of a saving in work 
in the case of the derived series was anticipated, and for this 
rea<on the learning of the series took place involuntarily with a 
somewhat greater concentration of attention. On the other 
hand, It may he that, in consequence of (he excluded knowledge, 
there has been at work in the case of tlie numbers of the second 
group a disturbing element which has made them smaller. Here, 
to be sure, during the learning of the derived series a very lively 
curiosity developed concerning (he category of transfonuation 
to which the series which bad just been learned belonged. That 
this must have had a distracting, and therefore retarding, in- 
fluence is probable not only in itself but also through the result 
obtained from the scries derwed by permutation of syllables 
It was to be expected that the identity of the syllables, as well 
as of the initial and end terms, would make itself felt in this 
case by a saving of work, however small that saving might he. 
The latter effect appears, it is true, in the experiments of the 
first group. With those of the second group, however, there is 
noticeable, instead of this saving of work, a slight additional 
>e,vpenditiire of time. This, if it is not merely accidental, can 
scarcely be explained otherwise than through the distracting 
curiosity mentioned. 

It is possible that both influences were at work simultaneously 
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so that the first experiments gave results which were somewhat 
too high ; and the second, results that were somewhat too low. 
It is allowable, under this hypothesis, to put the two sets of 
figures togetlier so that the contrasting errors may compensate 
each other. In this way there was finally obtained out of the 
85 double tests Uie /olJowng table. 


Number of | 
iatennedlatc 
EvUablcs skipped 
’in tbe forma- 
tion of tbe 

71036 for 
learning 
the 

original 

eeriee 

Time for 
teaming 
tbe 

derived 

ficries 

Saving of 
work in 
learning 
(he derived 
Boriea 

Probable 
error of 
saving 
of work* 

Saving of 
Trorkin % 
of original 
learning 


'(Tbe anmbers of tbe four niddle c«disoiu <Ieaot e leeoodj) 


0 

1 

(12flG) 

1275 

(S«) 

113S 

(-122) 

137 

± IB 

1 (33.3) 

10 8 


• 1200 

1171 

' S9 

18 

7.0 

3 

1 1200 

IlSO 

1 73 

± 13 

5.8 

7 

[ 12W 

1227 

1 ^ 

± 7 

3 3 

penoutatioo 
of syllables 

1201 

1255 


s- 13 

0.5 


*The probable erron are calculated from tbe separate raluee /or saTiags 
of work, while tbe latter, whidt were actually obtained rubtraetioo, 
are cooelder^ as the results of direct obsemtion. (See p. 6', note ) 


Section jp. Discussion of Results 
In the foregoing table an especial interest, it seems to me, 
is connected with the la*/, and also with the next to the last, 
row of numbers. M'hen there was complete identitj’ of all the 
syllables and the initial and end terms «ere left in their places, 
the a%’erage saving of time for 17 tests dealing with the learning 
of the derived series was so slight that it was hardly to be 
determined. It fell within half of its probable error. The 
sj'Uables were, therefore, in themselves, outside of their con- 
nection, so familiar to me that thej' did not become noticeably 
more familiar after being repeated 32 times. On the contrary' 
when a related series was rqpcatcd the same number of times, 
each syllable became so firmly bound to the syllable which fol- 
lowed 8 places beyond that 24 hours later the influence of this 
connection could be determined in no doubtful fashion. It . 
attains a value 6 times the probable error. Its existence, there- 
fore, must be considered to be fully proved although naturally 
we cannot be so sure that its size is exactly what it was found 
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to be in the experiments. Although its absolute value is small, 
yet its influence amounts to one tenth of that of the connection 
which binds c%'cry member to its immediate successor. It is so 
significant, and at the same time the decrease in the after-effect 
of connections which were formed over 2, 3, 7 intervening mem- 
bers is so gradual a one, that Uie assertion can be made, on 
these grounds alone, that even the terms which stand still 
further from one another may have been bound to each other 
subconsciously by threads of noticeable strength at the time of 
the learning of the scries. 

I will summarise the results so far given in a theoretical 
generalisation. As a result of the repetition of the syllable- 
series certain connections are established between each member 
and all those that follow it. These connections arc revealed by 
the fact that the syllable-pairs so bound together are recalled 
to mind more easily and with the overcoming of less friction 
than similar pairs which have not been previously united. The 
strength of the connection, and therefore the amount of work 
which is eventually saved, is a decreasing function of the time 
or of the number of the intervening members which separated 
the syllables in question from one another in the original series. 
It is a maximum for immediately successive members. The 
precise character of the function is unknown except that it 
decreases at first quickly and then gradually very slowly with 
the increasing distance of the terms. 

If the abstract but familiar conceptions of ‘power,’ 'disposi- 
tion,' be substituted for the concrete ideas of saving in work 
and easier reproduction, the matter can be stated as follows. 
As a result of the learning of a series each 'member has a 
tendency, a latent disposition, to draw after itself, at its own 
return to consciousness, all the members of the series which 
followed it. These tendencies are of varying strength. They 
are the strongest for the members which immediately follow 
These tendencies are accordingly in general most easily demon- 
strable in consciousness. The seri« %v5\\ return in its original 
form without the inten’ention of other influences while the 
forces directed to the resuscitation of the remaining members 
can be explicitly demonstrated only* by the introduction of other 
conditions. 
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It is naturally not conceivable that by a mere caprice of 
nature the validity of the principles discovered should be limited 
exclusively to the character of the materia! in which they were 
obtained — i.c., to series of nonsense syllables. They may be 
assumed to hold in an analogous way for every kind of idea- 
series and for the parts of any such series. It goes without 
saying, \\herever relations exist bet^veen the separate ideas, 
other than those of temporal sequence and separation by inter- 
jnediate members, these forces will control the associative flow, 
not exclusively, but with reference to all the modifications and 
complications introduced by relations of various affinities, con- 
nection, meaning, and the like. 

At any rate, it will not be denied that the doctrine of Asso- 
ciation vould gain through a general validity of these results a 
genuine rounding out and, so to say, a greater reasonableness. 
The customary formulation, “ ideas become associated If they 
are experienced simultaneously or in immediate succession,” has 
something irrational about it. If the immediacj’ of succession 
is taken precisely, the principle contradicts the most common 
experiences. If it is not taken exactly, then it is hard to state 
what kind of sequence is properly meant. At the same time 
it is not clear why a sequence not quite direct should have an 
advantage which suddenly disappears In the case of a sequence 
still more indirect. As we now know, the directness or indirect- 
ness of the sequence is without effect upon the general nature of 
what happens between ideas which succeed each other. In both 
cases connections are formed which on account of their com- 
plete similarity can be designated only by the common term. 
Association. But these are of different strength. As the suc- 
cession of united ideas approaches ideal immediacy the connect- 
ing threads grow stronger, and in proportion as it departs from 
this ideal, these threads grow weaker. The associations between 
more distant terms, although actually present and demonstrable 
under proper conditions have, nevertheless, on account of their 
slight strength, practically no significance. The associations 
between adjacent terms are, on the contrary, of relatively great 
importance, and will make their influence abundantly felt. Of 
course, if the series were left entirely to themselves and if they 
were always produced in precisely the same order, for each 
term there would appear only one association, tlie relatively 
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ongest — naniely, that with the immediately succeeding term, 
it series of ideas are never left to themselves. The rich and 
ickly changing order of events brings them into the most 
inifold relations. They return with their members in the most 
ried combinations. And then, under certain circumstances, 

1 stronger of these less strong associations between more dis- 
it terms must find opportunity to authenticate their existence 
d to enter into the inner course of events in an effective way. 
is easy to see how they must favor a more rapid growth, a 
her differentiation, and a many-sided ramification of the ideas 
lich characterise the controlled mental life. Of course they 
o favor a greater manifoldncss, and so apparently a greater 
bitrariness and irregularity, in mental events. 

Before I proceed further, I wish to add a few words con- 
rning the above mentioned (p. 91) derivation of the asso- 
ition of successive ideas from the unitary consciousness of a 
itary soul. There is a certain danger in bringing together a 
esent result with one found previously. I mentioned above 
. 47) that the number of syllables which I can repeat without 
ror after a single reading is about seven. One can, with a 
rtain justification, look upon this number as a measure of the 
:as of this sort which I can grasp in a single unitary conscious 
t. As we just now saw, associations are formed of noticeable 
■ength over more than seven intervening members, therefore 
tween the beginning and end of a nine-syllable series. And 
account of the size of the numbers obtained and the nature 
their gradation, it seems probable that, even with a larger 
imber of syllables, connections would be formed between their 
tremes. If, however, associations are built between members 
0 far separated to be held together in a single conscious act, 
is no longer possible to explain the presence of those asso- 
itions on the basis of the simultaneous presence of the united 
?as in consciousness. 

However, I recognise that those for whom such a derivation 
a cherished matter are not necesarfly forced by the above 
scussion to abandon their conception. Such are those who 
nsider the unitary acts of a unitary soul as something more 
iginal, intelligible, transparent or better worthy of belief than 
c simple facts of association described above, so that the 
duction of the latter to the former would be a noteworthy 
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licvemcnt. One needs but to say that, in the case of an 
familiar sequence of syllables, only about seven can be 
isped in one act, but that with frequent repetition and gradu- 
y increasing familiarity with the series this capacity of con- 
ousness may be increased. So, for example, a series of i6 
lables, which have been thoroughly memorised, may be present 
a single conscious act. Accordingly this " explanation ” is 
ely available. Those for whom it was of value in the case 
association by simultaneitj’ or immediate succession can 
ploy it fully as well for our case of indirect sequence. And 
:ause of the modest requirements which m psychology- are so 
en imposed upon explanations, this view will doubtless for 
ong time serve to make dim the \Tsion and so prevent the 
ink recognition of this as one of the most wonderful of all 
dies, and it wUl also act as a hindrance in the search for its 
t understanding. 

Section 40. Reverse Associations 

the many problems which spring out of the results pre- 
ited 1 have been able for the time being to investigate only 
jw and these by' means of only a small number of experiments. 

^ a result of the frequent repetition of a series— c, b, c, d 
. . — certain connections — ab, ac, ad, bd, etc. — are 
med. The idea a, whenever and however it returns to con- 
lusness, has certain tendencies of different strength to bring 
j with it to consciousness the ideas b, c, d. Are now these 
nections and tendencies reciprocal? That is, if at any time 
nd not a is the idea by some chance revived, does this have, 
addition to the tendency to bring d and e back with it, a 
liar tendency' in the rei-erse direction towards b and In 
sr words : — As a result of tlie previous learning of a, b, c. d, 
sequences a, b, c, a, r, c, are more easily learned than any 
uping of equal length of syllables previously unknown such 
|7, -5, 7. . . - fJnt sefyienivuv 

0, and e c As a result of manifold repetition of a series 
associations also formed in the reverse order? 

■he views of the psychologists seem to be divergent upon this 
it. One side call attention to the undoubted fact that in 
e of ojmplete mastery of, say, the Gredc alphabet a person 



Retention as a Funciiott of Order of Sxiccession 


III 


is not at all in a position to repeat it readily backwards if he 
has not specially studied and practiced it in this form. 

The other side make extensive use of reverse associations, as 
of something quite intelligible, in their explanation of the origin 
of voluntary and purposive movements. According to them the 
movements of the child are at first involuntary and accidental. 
With certain combinations of these, intensely pleasurable feel- 
ings result. In the case of movements as of feelings, memory 
traces remain which, by repetition of tlie occurrences, are alwajs 
more closely associated with each other. If this connection has 
attained a certain strength, the mere idea of the agreeable feeling 
leads backwards to the idea of the movement which aroused it; 
then comes the actual movement and with it also the actual 
sensed feeling. 

The conception of Herbart, which we learned to know above 
(P* 94)» holds the middle course between these hvo views. The 
idea c, which appears in the course of a series, fuses with the 
ideas b and a, whicli have preceded it and which are yet present 
although becoming dim. If <• is later on reproduced, it brings 
b and a with it but dimmed, not fully uninhibited or dearly 
conscious. With the sudden arousal of a member out of the 
midst of a series we survey that which preceded “ at once in 
graded clearness but never does it happen that the series runs 
off in reverse order. To the member which springs up m con- 
sciousness there succeed in due order and in complete conscious- 
ness those terms w'hich followed it in the original series. 

For the purpose of testing the actual relations I carried out 
an experiment entirely similar to the previously described in- 
vestigations. Out of groups each composed of six i6-syllable 
series arranged by chance new groups were derived either 
tlirougli mere reversal of the sequence or by that plus the 
skipping of an intenncdiate syllable. Then the two sets of 
groups were learned by heart, the derived form 24 hours later 
than the original. 

If the scheme for the original form is written as follows: 

l(i) 1(2) 1(3) ..1(15) I(i6). then the corresponding 

derived series is thus designated: 

In the case of mere reversal of the syllable sequence; 

I(i6) 1(15) I(*4) 1(2) 1(0. 
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In tlic case of reversal plus skipping of an intermediate syllable, 
,I(l6) 1(14) 1(12). ...1(4) 1(2) I(i5) I(i3)....I(3) I(l). 
For the first kind of derivation I have carried out ten experi- 
ments ; for the second, only four. 

The results arc as follows: 


I) Atilb tlorivfttion of the tran!«fonrcd ocrics liy mere revrmi of ihe 
ryllatilc pcqueneo. 


Tlic oriipntl serios were 
Icamcii in t i>rron<li 

Tlio rorrwpondingdo- 
rive»l serift*. in y second’ 

Tljo latter, therefore, 
n it li nsAving of z seconds 

x= 


Z*=2 

1172 

1023 

140 

1317 

1170 

147 

1213 

077 

230 

1202 

1101 

8 

1257 

1031 

220 

131Q 

I0S7 

123 

12.Vi 

1051 

234 

12GU 

1150 

no 

1215 

1070 

175 

1329 

1189 

HO 

m 12)9 • 

1091 

• 155 

P.Em=15 


In relation to the time of learning the original series the saving 
amounts to 124 per cent. 


2) Will derivation of the transformed senes by revereal arid at the same 
time by skipping one iolermeJiatc syllable. 


J337 

1255 

1158 

1313 


1291 

11&4 

1143 

1221 


P.E 


46 

01 

15 

SO 



In relation to the time of learning the original series the saving 
amounted to 5 per cent. 

As a result of the learning of a series certain connections of 
the members are therefore actually formed in a reverse as well 
as in a fonvard direction. These connections are revealed in 
this way, that series which are formed out of members thus 
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ing of meaningful material in general depends will be brought 
to nothing. 

Section ,fi. The Dependence of Associatiom of Indirect 
Sequence upon the Plumber of Repetitions 
TIjc connection set up as a result of many repetitions between 
the immediately succeeding members of an idea- or syllable- 
series is a function of the number of repetitions. As a result 
of the investigations of Cliapter VI, which were purposely di- 
rected to the discovery of this relation, an appro.vimatc pro- 
portionality, within tolerably wide limits, has been made out 
between the number of repetitions and the strength of the con- 
nections established by them. The latter was measured, pre- 
cisely as in tlie investigations of the present chapter, by the 
amount of work saved in relearning the connected series after 
S4 hours. 

If now, as a result of repetitions, connections are also set 
up beriveen members of a series which arc not immediately suc- 
cessive, the strength of the latter is naturally also in some way 
dependent upon the number of repetitions. Tlie question arises 
in what form the different dependence occurs in this case. Does 
a proportlonalit>* exist here also? If the number of repetitions 
is made greater, will the threads of separate' strength, which 
bind togetlier all the members of a series learned by heart, in- 
crease in strength in the same proportion? Or is the nature and 
rate of their increase in strength a different one as is the case 
with the strength of the threads themselves? On the basis of. 
our present knowledge neither the one nor the other of these 
possibilities can be declared self-evident. 

To facilitate an insight into the actual conditions I have insti- 
tuted a few preliminary experiments in the following way. Six 
series of i6 syllables each wxre impressed upon the memory 
by a l6- or 64-fold attentive repetition. After 24 hours an 
equal number of derived series of the same length, which had 
been obtained from those already learned by skipping one inter- 
mediate syllable, were learned by heart to the first repetition. 

In order to make the. investigations useful in other wa^’s, the 
series were derived in this case by a method somewhat different 
from that described above (p- 97)- letter method differs 
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from the fotmer in tot heie the odd-ntmibered syllables of to 
original series ttere not ioUotvedby the evtn-nnmbered syllaWes 
of the some series. But aU to odd-ntimbcrcd syllaWes of tno 
original series vrcre united to fonn a new i6*syllable senes. 
Then die even-ntimbcred syllaWes of the same original senes 
were united to form a second new series. The scheme of the 
derived series was therefore not, as above, 

im K5) vxsi icn K« ici«. 

mi) np) nu5) nm ui»> ... .nuw. 

hut rather 

ru IP) vsi Kis) ^^l) u'n ... ncis) 

no W6> n® nco no«> 

The effect of the derivation upon the learning of the derived 
series, cannot, as it seems, be essentiallj’ affected through this 
slight change. Here, as in the above described method of deriva- 
tion, the sj'hables which during the first learning had been separ- 
ated from each other by an intervening syllable -were learned 
24. hours later in immediate succession. 

Tor each number of repetitions used in learning I made $ 
double tests, nbich gave the following results: 

Number of repetitions employed for the impression of each of 
the original series : 

16 M 

Number of seconds required for learning the six derived series 
after 24 hours (including the rcatal) : 

1178 1157 

1216 0S2 

1216 1198 


I35S 

1019 

1191 

1230 


1017 

1183 

1196 


On accoral of to small nombot of ospenments to result- 
mZ as^rages ate, imfortmiatdr, not very exst±-, iMt to gesietal 
character of to results nxynld tcmam the same even if we 
^.dered to value false within to whole range of to proV 
apparent npon comparison 
Tit ™ % heart six 

tok rt ' bean learned. This 

took place tn >,=70 seconds. After to original series had been 
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repeated tO ftine?, tfie dcrivwf senes uas learned wiUi a saving 
of about 100 seconds ; after repetition 64 times, with 3 bice saving 
of 161 seconds. Quadrupling the rcjjctitions resulted in increas- 
ing tile saving only a little more tlian half as much again. Tlie 
increase in strength of the associations reaching over an inter- 
mediate member was in nowise proportional to the number of 
repetitions, for the eases studied, not even within the limits 
for which this was noticeably the ca«e for associations from 
one member to its immediate successor. On the contrary' the 
effect of the repetitions in the case of associations of indirect 
sequence decreased considerably sooner and more quickly than 
in the ease of those of direct sequence. 

Tlrcrc is very close agreement between the pair of values just 
found and the number given above (p. 99, i ) — the procedure be- 
ing, as here, without the exclusion of knowledge — for the learning 
of derived series which the day before had been learned in their 
original form to the point of first possible reproduction. This 
number, it is true, was obtained under somewhat dlfTerent con- 
ditions. In the first place, not always were the same number 
of repetitions employed for learning, but each time as many as 
were required for the first possible reproduction— i.e,, not exactly, 
but on the average, 32. Moreover, the nature of the derh’ation 
of the series was somev%hat different, as was stated above. But 
these differences have little weight in the case of numbers which 
otherwise could have little claim to exactness. I adduce there- 
fore this value for comparison, and in addition the numbers 
given in Chapter VT for the influence of repetitions on the re- 
learning of the same untransformed series. Here then is the 
table. 


Number. 

of 

Repeti-| 

fioos 

TTme for 
relearning 
the tmtnins- 
formed 
series aficr 

Time for 
relearning . 
after 2-t I 
hours series I 
1 transformed 
by skipping 1 
. one equable i 

relearning . 
unchanged ' 
1 senes | 

iea^ng 
the changed 
senes 

1 Saving in 
changed 

1 series m % 
of the saving 
for the 
imeharjged 

0 

in 

32 

Of 

1270 

1073 

S63 

4Si 


[ 192 

1 407 

816 

100 

119 

JCI 1 



CThe numbers of tbe four IntefOiediate columns mean seconds > 
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because, with furtlier confirmation, it will throw a character- 
istic light on inner processes which are actually present but 
which remain unconscious. It will also reveal the relative 
independence of these processes from conscious accompaniments, 
as I have shown above (§ 24). 

The derivation of the transformed scries in tlie case of the 
last mentioned investigations was accomplished, as has been 
stated, in the following way. Out of two 16-sylIabIe series 
selected by chance, first all the odd-numl>ered syllables were 
combined to form a new series and then all the even-numbered 
to form a second scries which followed in immediate succession. 
In the case of a group consisting of six series of this sort, 
therefore, the derived series II contained riolhing but syllables 
which in the first process of memorising had followed imme- 
diately upon the corresponding members of series I. The derived 
scries IV bore a similar relation to series 111 , and series VI to 
series V. The following phenomenon appeared, which is the 
peculiar relation to which I wish to call attention. Less time 
was required for learning by heart series H, IV, VI on the 
average than for series I, III, V, although in all the other groups 
of series, whether original or derived, the converse was the case. 

I adduce some numerical data in evidence of this relation. 

From all the experiments with six series of 16 syllables which 
were learned to the point of the first recital, ten immediately 
successive experiments are chosen by chance for two different 
time-periods. The times for committing to memory series I, 
III, V are combined in calculation, as are also those for series 
II, IV, VI. 
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The sum of series H, IV and VI, found by averaging the ten 
experiments, is here in both cases, as can readily be seen, con- 
siderably greatej than the sum of senes I, III, V. The differ- 
ences arc, to be sure, of very different amounts for the separate 
experiments, and in one case they have a pronounced negative 
value; but these fluctuations are represented in the large probable 
error of the differences of the ar’erages; and, in spite of the 
size of these errors, the positive character of the differences 
may be considered as fairly certain. 

In all other investigated cases the folloiring result appears • 
there are large fluctuations of the differences in the individual 
experiments, but a combination of the several experiments shows 
a decisive predominance for series II, IV, VI although the 
surplus is smaller than in the case of the two expenments in 
question. Thus in the case of ii earlier tests in which series 
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because, with further confirmation, it will throw* a character- 
istic light on inner processes which are actually present but 
whicli remain unconscious. It will also reveal the relative 
independence of tlicse processes from conscious acoampaaiments, 
as I have shown above (§ 24). 

The derivation of the transformed scries in the case of tlie 
last mentioned investigations was accomplished, as has been 
stated, in the following way. Out of two i6-syllable series 
selected by riiance, first all Uie odd-nutnUcred syllables were 
combined to form a new series and tJien all the even-numbered 
to form a second series which followed in iiumediate succession. 
In the case of a group consisting of six series of this sort, 
therefore, the derived series II contained nothing but syllables 
which in the first process of memorising had followed inune- 
WTtApcmdmgmumbm oi Tfcn deTYied 

scries IV bore a similar relation to series Jif. and series VI to 
series V. The following phenomenon appeared, which is the 
peculiar relation to which I xvish to call attention. Less time 
was required for learning by heart series If. IV, VI on the 
average than for series I, III, V, although in all the other groups 
of series, whether original or derived, the converse was the case. 

I adduce some numerical data in evidence of this relation. 

From all the experiments with six series of syllables which 
were learned to the point of the first recital, ten immediately 
successive experiments are chosen by chanc® for two different 
time-periods. The times for committing to memoiy series I, 
III, V are combined in calculation, as are also those for series 

II, IV, vr. 
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(2) The results of learntog derived series which bad been repeated 61 
times on the day previous m their ongioal form v^ere as follows: 



The fluctuations of the numbers for the separate experiments 
are also in this case very great. However, it is evident on the 
first glance and without further comparison that a strong dis- 
placement of the differences to the negative side has taken place. 
This fact is also expressed by the averages In contrast with 
previous results, the series II, IV, VI were learned in somewhat 
shorter time than series I, HI, V. 

That this exception rests on mere chance is possible but not 
very probable. The piobable errors, although large, are not 
large enough to indicate this. 

I would sooner fear that it was a case of disturbance of the 
results through the oft-mentioned source of error, anticipation 
of the outcome (p. 27 ff and p. lOi). During the progress of the 
experiment I believed with increasing certainty that I could fore- 
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were Icanictl liy Jieart uhicli had been derived hy skipping one 
intennediate s) liable and whicli had been learned the day before 
in tlie original form the rcstiUs were (p. 99, i): 

Sum of series (II, IV, VI) minus Stim of scries (I, III, V) 
==.'33 (1M-.„=:23). 

With six later tests of the .same sort (p. 103, i) : 

Sum of (II, IV. VI) minus Sum of (I, III, V)=.}2 (P.E.r, 
=29). 

With ten cxpcrinicnts i\Uli scries which had been repeated 
the day before 16 times each (p. 55) : 

Sum of (II, IV. VI) minus Sum of (I. Ill, V) = 17 (P.E.„ 
= 2z), etc. 

On account of the largeness of the probable error a single one 
of the last given figures would have little significance. By means 
of (heir corrc<pon(lcncc as to the nature of the difTerence they 
gain in probability, and the phenomenon bccomc.s quite intelligible 
in light of the rc.sults of Section i8. Tljcrc, and with especial 
clearness in the case of iG-syllablc series, it was shoun that the 
learning of the individual scries occurred in the fonn of fairly 
regular oscillations. Tltcsc were of such a sort that a relatively 
slowly learned series followed one learned relatively more 
quickly and vice versa (p. 43. I'lg. 3). Since in the ease of 
each experiment the first series was learned on the average the 
most quickly and the second the most slowly, by the combination 
of scries I, III, V the average minima arc united and of series 
II, IV, VI the average maxima. The difTerence, S ( 11 , IV, VI) 
minus (T, III, V) is, therefore, in general positive. 

Accordingly it must be surprising that in the case of both 
the groups of tests mentioned in the preceding paragraphs, this 
difference is on the contrary of a negative sign. 
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(1) The results in the citse of learning derived eerie? which had been re- 
peated 16 times on the day previous in their original form wore as follows- 


A ' 

Sum of 

(I. in. 

B 

Sum of 
(II, IV, VI) 

2J 

(B-A) 

(556 

522 

—134 

702 1 

514 1 

— ISS 

GOJ 1 

CIS 

10 

450 

500 

50 

CG2 

696 

34 

560 

459 

—101 

5SS 1 

COS 

15 

637 

593 

-14 

Av 607 i 

562 

— 45PEm±2l 


(2) The results of learning derived series which had been repeated 64 
times on the day pievioxis in their original form were aa {oUowbi 


A 

Sum of 
(I, HI, V) 

B 

Sum of 
(II, IV, VI) 

J 

tB-A) 


642 

127 


415 

—152 


572 

—54 


560 

—28 


452 



478 

1 _61 


599 

15 

592 

6(M 


Av. 569 1 

510 

—29 P E m .4-20 


The fluctuations of the numbers for the separate experiments 
are also in this case very great. However, it is evident on the 
first glance and without further comparison that a strong dis- 
placement of the differences to the negative side has taken place. 
This fact is also expressed by the averages. In contrast with 
previous results, the series II, IV, VI were learned in sbmewhat 
shorter time than series I, III, V. 

That this exception rests on mere chance is possible but not 
very probable. The piobable errors, although large, are not 
large enough to indicate this. 

I would sooner fear that it was a case of disturbance of the 
results through the oft-mentioned source of error, anticipation 
of the outcome (p. 27 fT. and p. lOi). During the progress of the 
experiment I believed with increasing certainty that I could fore- 
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see tile smaller expenditure of.fitnc for iHc Icamirjff of scries II, 
IV, VI, ajid it was on!/ because I ihouglit something of this 
sort that I changed the method of derivation of the transformed 
series. I cannot, therefore, exclude the jwssihijitj* tliat, mcrcl/ 
on the basis of this hidden prcsup})osition and in a manner 
altogether unrevealed to consciousness, a greater concentration 
of attention uas present in Icaniitig scries 11, IV, VI than in 
learning series I, III, V. However, this assumption is not to 
be taken positively as the correct one. Tlie assumption that the 
\\holc of the difTcrcncc found is to l»c traced back to the influ* 
cnee of this source of error would invoh'c the ascription of a 
pretty large function to an mvoIuntar>' and completely uncon- 
scious accommodation of attention due to a secret expectation. 

There remains, accordingly, a certain probability for the tliird 
|x>ssibility, namely, that the contrasting character of the average 
differences has in part at least an objective basis, that Uie more 
rapid learning of the defive<l series, 11, IV, VI, was in part 
due to their manner of derivation. 

The proper way in uhicli to think of this causation would 
become clear only by the introduction of physiological concep- 
tions uhidi must first be constructed or at least remodelled. 

If use is made of the language of psycliology’, then, as in tlie 
ease of all unconscious processes, expression can be only figura- 
tive and inexact. 

As a result of the learning by heart of a scries in the original 
form the separate syllables, we must say, retain fairly strong 
tendencies upon their own return to consciousness to bring after 
them the syllables %shidi immediately succeeded them. If, there- 
fore, the syllables i, 3, 5, etc, return to consciousness, the 
syllables 2, 4, 6, etc., have a tendency also to appear. This 
tendency is not strong enough to bring about as a consdously 
perceivable event the actual appearance of 2, 4, 6. The latter 
arc in evidence only in a certain inner condition of exdtabilitj'; 
something takes place in them wbid» would not have occurred 
if 3» 5 had not been repealed. They behave like a forgotten 
name which one attempts to recollect. This is not consciously 
present ; on the contrary, it is bang sought. In a certain way, 
however, it is undeniably presenL It is on the way to con- . 
sdousness, as one might say. For if ideas of all sorts were 
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name, a person could usually tell whether they agreed with the 
one no\v sought for but not yet found, or not. As a result of 
the frequent repetition of the syllables i, 3, 5 previously con- 
nected with the syllables 2, 4, 6j the latter were placed in a 
similar slightly pronounced condition of excitation, lying between 
conscious appearance on the one side and simple non-appearance 
on the other. And this excitation has, as it now appears from 
our tests, a result altogether similar to that of actual return 
to consciousness. • Inner connections are established between suc- 
cessively and internally aroused syllables just as between syllables 
successively raised to consciousness, except that the former are 
naturally of less strength. Secret threads are spun which bind 
together the series 2, 4, 6, not yet aroused to consciousness, and 
prepare the way for its conscious appearance. Such threads 
existed already in greater strength as a result of the learning 
of the original scries ; the present effect is that of strengthening 
somewhat connections already made. And that is nothing else 
than what was found above: if two syllable-combinations — r, 
3, 5 . . . and 2, 4, 6 . . . — are frequently asso- 

ciated in consciousness (the learning of the original series) then 
the subsequent learning of the second combination (derived 
series II, IV, VI) soon after the learning of the first (derived 
series I, III, V) has considerably less resistance to overcome 
than the latter. A certain strengthening of associations takes 
place, not only directly, through conscious repetition of the asso- 
ciated members, but also indirectly through the conscious repe- 
tition of other members with which the first had been frequently 
connected. 

This way of viewing the matter is a consequence of the as- 
sumption (which became necessary above, p. 109) of the forma- 
tion of associative connections over more intervening members 
than could be comprehended in one clearly conscious act. These 
connections would be very fruitful in the explanation of many 
surprising phenomena of memory and TecoUection, but on ac- 
count of the uncertainty of tVyeie ea^ciential basis I refrain for 
the present from pursuing them further. 



